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PREFACE. 


The  plan  of  the  following  work  was  formed  nine  years  ago; 
t^ince  which  time  the  author^s  annual  courses  of  lectures  have  been 
arranged  in  accordance  with  it.  Meantime  several  works  have 
appeared  in  Germany,  France,  and  England,  upon  the  subjects 
embraced  in  it ;  but  no  one  including  its  entire  aim,  viz : — 

I.  To  give  a  connected  view  of  the  siTn/ple  chemical  elements^  of  the 

immediate  principJeSy  the  simple  structural  elements^  and  the 
proper  tissues^  entering  into  the  composition  of  the  fluids  and 
the  solids  of  the  human  body, 

II.  To  associate  with  tlie  structural  elements  and  the  tissues^  t/ieir 

function  while  in  health,  and  the  changes  tliey  undergo  in 
disease. 

In  the  prosecution  of  his  object,  the  author  has  drawn  more 
especially  upon  the  work  of  Robin  and  Verdeil  in  the  first  part; 
that  of  Lehmann  in  the  division  including  the  fluids;  and  on 
KoUiker's  excellent  work  in  the  part  on  the  tissues  proper.  He 
has  not  hesitated,  indeed,  sometimes  to  use  the  language  of  the 
latter,  when  sufficiently  concise.  He  has  not,  however,  embarrassed 
the  text  by  references  to  the  various  authorities  whence  materials 
have  been  derived ;  except  in  instances  where  views  varying  from 
those  of  previous  writers  are  advanced,  as  being,  in  the  author's 
judgment,  the  most  satisfactory  at  the  present  time. 

In  regard  to  the  dimensions  of  the  minute  structural  elements, 
KoUiker  has  been  more  especially  relied  upon.  And  as  this  work 
is  intended  especially  for  those  who  use  the  English  language,  they 
are  given  in  fractions  of  an  inch,  instead  of  a  millimetre,  or  a  Paris 
line,  as  has  usually  been  done  by  translators  of  German  and  French 
works,  both  in  England  and  in  this  country. 


VI  PREFACE. 

An  experience  of  sixteen  years  as  a  public  teacher  of  anatomj', 
physiology,  and  surgery,  has  confirmed  the  author's  conviction  that 
the  only  rational  method  of  imparting  a  knowledge  o^  function  is 
by  associating  with  the  latter  all  that  is  known  of  the  forms  and 
relations  of  the  structural  elements,  and  of  their  chemical  composi- 
tion, in  each  part  and  organ.  Pathological  anatomy,  moreover,  and 
therefore  pathology,  can  be  rationally  understood  only  as  we  take 
the  same  point  of  departure.  As  the  student  should,  however, 
study  the  last  mentioned  departments  after  acquiring  a  knowledge 
of  the  healthy  structure  and  functions,  the  pathological  conditions 
of  the  tissues  are,  in  the  present  volume,  specified  in  closer  type ; 
as  intended  to  be  more  especially  studied  on  a  second  reading  of 
the  work.  The  same  remark  also  applies  to  the  parts  which  con- 
cern the  structure  of  the  lower  animals. 

Some  typographical  errors,  overlooked  in  the  pressure  of  other 
professional  occupations,  will  be  corrected  at  once  by  the  intelligent 
reader;  excepting,  perhaps,  those  referred  to  at  the  end  of  the 
volume.  Some  portions  compiled  for  it,  relating  to  pathological 
and  comparative  histology,  have  also  been  omitted,  to  avoid  render- 
ing it  formidable,  from  its  size,  to  medical  students;  to  whom,  and 
to  the  profession,  it  is  submitted  as  the  first  American  work  on 
the  subjects  of  which  it  treats. 

New  York,  October,  185T. 
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HUMAN  HISTOLOGY. 


GENERAL   REMARKS. 

The  human  body,  when  fully  developed,  is  composed  of  solids 
and  fluids,  in  the  proportion  of  one  of  the  former  by  weight  to  at 
least  eight  or  ten  of  the  latter.*  All  the  solids  are  permeated  to  a 
greater  or  less  extent  by  the  fluids,  of  which,  also,  water  is  always 
the  principal  constituent.  The  mere  descriptive  anatomist  regards 
the  solids  alone,  as  if  isolated  from  the  fluids  which  form  an  essen- 
tial part  of  them.  But  the  chemical  physiologist  and  the  histologist 
must  study  the  latter  as  well  as  the  former.  The  isolated  fluids, 
also,  as  the  blood,  chyle,  milk,  and  other  secretions,  come  within 
the  domain  of  histology  so  far  as  they  contain  cells,  granules,  nu- 
clei, or  other  histological  elements;  and  these,  therefore,  as  well  as 
the  tissues,  will  be  embraced  in  this  work. 

Commencing,  however,  with  an  analysis  of  the  human  body  as 
seen  by  the  unaided  eye,  and  omitting  for  the  present  the  isolated 
fluids,  we  find  that  it  is  composed — 

1.  Of  parts  and  organs. 

2.  That  the  organs  are  formed  of  combinations  of  tissues. 

8.  The  tissues  are  composed  of  certain  chemical  compounds  called 
immediate  principles. 

4.  And  the  last  are  formed  by  a  direct  combination  of  a  few  of 
the  simple  chemical  elements. 

Reversing  this  view,  we  perceive  that — 

1.  The  simple  elements  unite  to  form  the  immediate  principles. 

2.  The  last  unite  to  form  the  tissues. 

I  A  mnmmj  of  a  native  of  Teneriffe,  presented  to  Blnmenbach  bj  Sir  Joseph 
Banks,  weighed  but  seven  pounds  and  a  half;  probably  not  more  than  one-sixteenth 
of  the  weight  of  the  same  body  during  life. 

8 


8:1  GENERAL  BEMABKS. 

8.  And  the  tissues,  separately  and  in  combination,  constitute  the 
parts  and  organs  of  which  the  body  consists. 

This  work  will,  accordingly,  consist  of  two  parts — 

Part  I.,  containing  an  account  of  the  simple  elements,  and  of  the 
immediate  principles  of  the  tissues  and  the  fluids,  or  Stcechiology. 

Part  II.,  giving  a  description  of  all  the  tissues,  and  the  fluids  con- 
taining histological  elements,  or  Histology. 


PART   I. 


STCECHIOLOGY. 


Stcecuiology*  comprises  the  classification  and  description  of  the 
simple  chemical  elements,  and  of  the  immediate  principles  which 
enter  into  the  composition  of  the  tissues  and  fluids  of  which  the 
human  body  is  composed. 


FIRST  DIVISION. 

THE  SIMPLE  CHEMICAL  ELEMENTS  ENTERING  INTO 
THE  STRUCTURE  OP  THE  HUMAN  BODY. 

Of  the  sixty-five  simple  bodies  now  (1857*)  known  to  chemists, 
it  is  not  certain  that  more  than  fifteen  are  normal  constituents  of 
the  human  body.    These  are — 

1.  Oxygen.  6.  Phosphorus.  11.  Chlorine. 

2.  Hydrogen.  7.  Calcium.  12.  Fluorine. 
8.  Carbon.                   8.  Magnesium.  13.  Silicum. 

4.  Nitrogen.  9.  Sodium.  14.  Iron. 

5.  Sulphur.  10.  Potassium.  15.  Mangancfiium. 

M.  Millon  announced  that  copper  and  lead  also  normally  exist  in 
the  blood-corpuscles  of  man,  and  Orfila  added  arsenic  as  entering 
into  the  composition  of  the  tissues.    These  observations  have,  how- 

I  From  Ztm:^!?**,  an  element^  and  Xo^o;,  description. 

'  Two  or  three  others  have  Just  been  announced,  hut  their  discoverer  has  not 
been  confirmed. 


W  SIMPLE  CHEMICAL  ELEMENTS. 

Aivi'^r,  iMA  hi^u  coiifirmed;  and  either  of  these  three  substances,  found 
io  iiiK  hnff^H  organism,  must  be  regarded  as  accidentally  present. 
I'AiiMi  utA  bromine  enter  into  the  composition  of  the  lowest  marine 
UhimaU;  but  it  is  not  yet  proved,  nor  probable,  that  they  normally 
fj^/rm  n  part  of  the  human  body,  though  such  an  assertion  has  been 

'I'iut  flfUicu  elements  just  mentioned  unite  variously  to  form  the 
jinmodiaU)  principles  of  the  tissues  hereafter  to  be  considered.  The 
tollowitipi;  iri,  however,  a  general  account  of  the  parts  and  the  fluids 
\n  which  iuu'h  \h  found: — 

1  l,  The  rtrnt  four  elements  are  found  in  all  the  tissues,  and  most 
of  thtt  lliiidii,  exoo[)t  fat;  the  first  three  in  all  tissues  and  fluids, 
without  oxooption.  Of  the  first  two  water  is  constituted;  whose 
ubnuthiMco  in  the  luunan  organism  has  already  been  alluded  to. 

h,  U,  Sulphur  and  phosphorus  exist  in  the  albuminous  group  of 
iinHUuliulo  priuciplcs(albumen,  fibrine,  &c.),  and  in  the  tissues  formed 
IViMU  thon\,  and  all  animal  colls.  They  also  enter  largely  into  the 
oiunjumitioii  of  tho  brain — about  y 4 5  of  its  weight  being  phospho- 
run,  ^  r«»»i  lUhi^xi)  Sulphur  is  a  constituent  of  hair  and  nails,  which 
aivo\uU44  tor  thoir  tnlor  during  combustion.  Both  the  sulphuric  and 
t)u«  pluviiphorio  aoidii  oxist  in  the  urine,  and  the  latter  in  bones  also, 
\\\  ooinbiurttion  with  lin\o  and  nu^gnosia.  Treviranus  believed  that 
««punt4iiUH>U)i  tH\iubu«tiou  of  iho  humau  body  may  be  due  to  an  ex- 
\Hv?iji  K\(  phw^phvmiH  in  it 

?,  >"<  l^iloiuux  and  m^^nee^ixun  are  fomui  only  in  the  state  of 
%v\ul<^  ♦\a  4^^  luuo  aM\l  m^ntv^ia;  and  con^bineil  with  acids  to  form 
*i»ll*s  *rUo  |^U\Vkphait>  of  liju<*  oiMijiUlwU^^  aK>ul  one-half  the  weight 
of  huu^A\\  lvNU<v  iind  iho  \^ArKM>;!il^  aUnit  one-tenth;  the  phosphate 
sxt'  ^^^^n\N*v^  a\uouui*  ix^  Uio  owe^huudivvlth  part    Both  these  ele- 

>V  S>\lnn\Vv  ^♦^  ANi^^^MU^UsMx  xiiilh  chloride — uf-  forming  common 
*i^5l  xN\^>l4^  i>^  <^\^r\  ?^Nj^i  ;i^ud  rittkl  in  ike  Wcv,  In  all  other  cases 
M  >*  W^  ^W  ivvr«\  nM""  *\^  o\>.5e  v^vUV  A»xi  i:i  \Vcx:b:iiAiioa  with  acids, 

I^V  \\»4^wc*5>^^^  aK>  \^>^>1^  mt^A  c3\Kwtie  lv>  fosrra  riw^  rfiloride  of 

>1  ^  5i^  lV  AVNi."^  ;*^l^    w«A*M^    *^i  i«i  AN«i>^^ttit6<X!i  mi  A  Jidds.  It, 
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acid  in  the  gastric  fluid.    In  all  other  cases  it  is  found  as  chloride 
of  sodium  (common  salt),  or  of  potassium. 

12.  Fluorine  is  combined  with  calcium,  in  small  amount,  in  bones. 

13.  Silicum  exists,  oxidized  (as  silica),  in  small  quantity  in  the 
hair,  in  wool  and  feathers,  and  in  the  urine.    It  abounds  in  plants. 

14.  Iron  constitutes  about  j^j'^u  part,  by  weight,  of  the  blood;  it 
also  exists  in  hair,  muscle,  milk,  pigment-cells,  and  (a  mere  trace) 
in  the  gastric  fluid.  Iron  always  exists,  also,  in  the  feces,  since 
solid  and  fluid  articles  of  food  contain  more  of  it  than  is  required 
in  the  organism. 

15.  The  oxide  of  manganese  is  found  in  bone  {Kane\  and,  some 
say,  in  the  coloring  matter  of  the  hair.  It  is  separated  from  the 
organism  in  the  bile. 

Remarks, — 1.  Our  food  (and  drink)  must  contain  at  least  the  fif- 
teen elements  just  specified,  in  order  to  secure  and  maintain  the 
development  of  the  body.  No  single  article  of  food,  except  milk 
and  eggs,  perhaps,  contains  them  all,  and  hence  the  necessity  for 
variety  of  aliment. 

2.  The  absurdity  of  the  idea  of  some,  that  minerals  should  never 
be  used  as  remedies,  is  at  once  apparent.  Ten  of  the  fifteen  simple 
elements  are  minerals,  and  the  rest,  also,  all  enter  into  the  compo- 
sition of  various  mineral  substances.  We  must,  therefore,  take 
minerals  in  all  our  food,  and  this  whether  the  latter  be  animal  or 
vegetable ;  for  all  vegetable  as  well  as  animal  tissues  contain  mine- 
ral substances. 

8.  Nor  is  the  notion  that  no  minerals  except  such  as  form  a  part  of 
the  lodij  should  be  used  as  medicines,  any  more  tenable,  for  the 
same  objection  would  hold  against  all  vegetable  remedies,  since  not 
one  of  them  (opium,  lobelia,  &c.)  naturally  enters  into  the  compo- 
sition of  the  body ;  and  thus  the  sole  remedies  remaining  would  bo 
the  fifleen  elements  above  named ;  for  if  it  be  said  that  the  active 
principles  of  vegetables,  as  morphia,  quinia,  &c.,  contain  only  the 
elements  above  mentioned  {e.g,  the  four  first  mentioned),  yet  it  is 
true  that  some  of  these  compounds,  as  strychnia,  hydrocyanic  acid, 
&C.,  are  more  dangerous  and  destructive  to  animal  life  than  any 
mineral  substance  known. 


SECOND  DIVISION. 

TIIK  IMMEDIATE  PRLVCIPLES  OF  WHICH  THE  TISSUES 
OF  THE  HUMAN  BODY  ARE  COMPOSED. 

TilK  injinoiliuto  principles  of  the  tissues,  are  the  "last  bodies  con- 
Ktitutiu^  tho  organism  to  wliich  the  tissues  can  be  reduced  by  mere 
anatim^iml  analj/ais;  and  which  admit  of  no  further  subdivision 
without  chrmictti  iltcomjiositumy^  Sugar,  gum,  starch,  cellulose, 
water,  &o,,  uro  immoiliato  principles  to  a  plant;  and  water,  albu- 
nunv,  fat,  uroa,  v^cc,  to  an  animal.  The  carbon,  oxygen,  hydrogen, 
i^i\,  oon\posing  those  are  the  simple  elements,  or  the  elementary  (or 
nunliato)  prinoipK>s  of  the  plant,  or  tho  animal,  respectively. 

The  exprtvssuon,  **  in\mediate  principles,*"  is  borrowed  (rom  Chev- 
rxuU,  who  thus  defends  it^  use:  **Some  soieutific  writers  think  this 
expri^ssiou  obje^^tionable,  since  it  is  not  rv\asonable  to  apply  the 
worvl  /w'<V*)»fe  to  cx^miKuriit  Mits.  I  do  not  participate  in  this 
opini\^n»  bW  when  we  ivnsider  in  a  general  way  the  composition 
\^r  a  s;ilt,  jvs  cjitabli^heil  by  I^iivoisier,  it  is  apparent  that  it  is 
wustitutixl  by  the  union  of  an  acid  and  an  alk;\Iif  rather  than  by 
the  <v"'tc*';,'cs  v^f  the  acid  with  those  of  tho  alkali*  since  if  these  ele- 
\ueuts  an^  uuit^xl  in  other  prv^jvrtions  than  such  as  constitute  an 
aoid  anv\  an  alkaline  Kxlw  thev  no  lou^^^r  civo  us  the  idea  of  a  salt, 
Ueuvv  il  s^vui*  prv^jvr  to  sjw  that  the  aeivl  aui  tho  alkali  are  the 
twv^  4«r4v<,\iVs«:e  y/\f^cifW  \SC  tho  sal:^  I:  i>  5b.e  same  w:;!i  sugar, 
5i5aivK  >;uv,x^  ti^uiv.e*  v^e^  in  r^^jwt  to  a  vIjw::i*^  and  wi:i  £brine, 
a*V.i*v.e*,i,  x\v.\^  ;:;  r^^sl\v5  tv^  au  a::::v.Al.  T*:iec?t^  >-;lvs:a::iees  sLoiild  be 
i\^-;,^r^lA;  as  tho  iV4v\\c'Ai-r  ^v^W^^  ';;?  of  the  vli.::;  or  c:  :it>  aiiimal  to 
wiivii  titev  \vl.^r,<^  wV.ue  oWi^v::,  ::;trv^^-::u  vurbo:\  ani  £iTvirv>zen 


CLASSIFICATION.  89 

are  their  remote  or  elementary  principles'^  It  will  appear  that  the 
three  gases  just  mentioned  are,  however,  also  immediate  principles 
in  certain  circumstances. 

Thus  the  study  of  the  immediate  principles  of  organized  bodies 
is  intermediate  between  mere  organic  chemistry  on  the  one  hand, 
and  histology  on  the  other,  and  must  precede  the  latter. 

CLASSIPICATION  OP  THE  IMMEDIATE  PRINCIPLES  IN  THE 

HUMAN  BODY. 

The  number*  of  immediate  principles  in  the  human  body  is  not 
precisely  determined;  but  the  following  classification,  embracing 
84,  may  be  for  the  present  adopted. 

These  84  substances,  being  all  compound  except  oxygen,  hydro- 
gen, and  nitrogen,  are  divided  into  two  groups: — 

I.  The  first  group  includes  those  principles  which  are  crystal- 
lizable  or  volatile,  without  decomposition.  These  are  di- 
vided into  two  classes : — 

1st.  Principles  o?  mineral  origin,  24  in  number. 
2d.  Principles  formed  within  the  body  by  dis-assimila- 
tion,'  and  therefore  of  organic  origin,  42  in  number, 
n.  The  second  group  includes  those  which  are  not  crystalliza- 
hie,  or  not  volatile,  except  in  consequence  of  decomposition  ; 
only  18  in  number.    This  group  is  not  divided,  and  con- 
stitutes the  third  class,  organic  stibstances. 
The  three  classes  are  divided  as  follows : — 

A.  Of  the  first  class — principles  of  mineral  origin — there  are 

two  divisions. 

Ist.  Gaseous  or  liquid,  and  not  saline  bodies,  5  in  number. 
2d.  Saline  bodies  (salts),  19  in  number. 

B,  The  second  class — principles  of  organic  origin — has  four 

divisions : — 

1st.  Acid  or  saline  principles,  23  in  number. 

2d.  Neutral  nitrogenized  compounds,  generally  called 

nitrogenized  alkaloids,  4  in  number. 
8d.  Neutral  won-nitrogenized  compounds  or  sugars,  2  in 

number. 

*  Recherohes  Chimiquea  ear  les  corps  gras  d'origine  animale.    Paris,  1823,  p.  4-5. 
'  Robin  and  Verdeil  reckon  92  immediate  principles  in  man  and  the  mammi/erct, 

*  This  word  implies  the  same  as  the  terms  *'  waste"  or  "  metamorphosis"  of  the 
tissnei. 


40  IMMEDIATE  PRINCIPLES  OF  THE  TISSUES. 

4th.  Fattj  and  saponaceous  compounds,  13  in  number. 
C.  The  /Atrrfclass^organic  substances — has  three  divisions: — 
1st.  Substances  naturally  in  a  liquid  state  (7). 
2d.  Those  naturally  solid  or  demisolid  (7). 
8d.  Pigmentary  substances,  also  solid  or  demisolid  (4). 

The  following  table  indicates  the  particular  compounds  included 
in  each  of  the  classes  and  divisions  just  mentioned. 

Tabular  Classification  of  the  Immediate  Principles, 

Group  L — Principles  crtstallizable  or  volatile,  independ- 
ently OF  decomposition. 

FiBST  CLAas.— principles  OF  MINERAL  ORIGIN  (24). 

FiTti  Divinon,  Gasbodb  aitd  50T  Salutb  (5). 
Oxjgen,  Carbonic  acid 

Hydrogen,  Water. 

Nitrogen, 

Second  Division,    Salts  (19). 

Chloride  of  Sodium,  Solphate  of  Soda, 
"            Potassium,  '*  Lime, 

Fluoride  of  Calcium,  Basic  Phosphate  of  Lime  (Bones), 

Hjdrochlorate  of  Ammonia,  Acid  Phosphate  " 

Carbonate  of  Lime,  Phosphate  of  Magnesia, 

<(  Magnesia,  Neutral  Phosphate  of  Soda, 

"  Potassa,  Acid  «  «« 

*'  Soda,  Phosphate  of  Potassa, 

Bicarbonate    "  Ammonio-Magnesian  Phosphate. 
Sulphate  of  Potassa, 

SEC05D  Class.— PRINCIPLES  OF  ORGANIC  ORIGIN  FORMED  WFTHIN  THE 

BODY  BY  DIS-ASSIMILATION  (42). 

First  Division,    Acm  OB  Salikb  Pbixctplbs  (23). 

Lactic  Acid,  Hippuric  Acid, 

Lactate  of  Soda,  Hippurate  of  Lime, 
**           Potassa,  "  Soda, 

"  Lime,  "  Potassa, 

Oxalate  of  Lime,  Inosate  of  Potassa, 

Uric  Acid,  Pneumic  Acid, 

Neutral  Urate  of  Soda,  Pneumate  of  Soda, 

Acid  "  "  TaurochoUte    " 

Urate  of  Potassa,  Hjocholinate    '* 

"  Magnesia,  Gljcocholate    " 

'*  Lime,  Lithofellic  Acid. 

''  Ammonia, 
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Second  Division,    Nbutral  Nitrogbnizbd  Comfoukds  (5). 

(Nitrogenised  Alkaloida.) 
Creatine,  Urea  (and  Chloro-sodate  of  Urea — 

Creatinine,  Urea  with  marine  salt), 

Cystine. 

Third  Division,    Nbutral  Noir-5iTR0OBirizBD  Compounds.    Sugars  (2). 
Sngar  from  the  Liver,  Sugar  of  Milk. 

Fourth  Division.    Fattt  and  Saponacbous  Compounds  (13). 

Cholesterine,  Caproate  of  Potass.,  Soda,  &c.. 

Oleic  Acid,  Oleine, 

Margaric  Acid,  Margarine, 

Stearic       "  Stearine, 

Oleate  of  Soda,  Elaterine, 

Margarate   "  Stearerine. 
Stearate       ** 

Group  //.—Principles  noncrystallizable  or  non-volatile, 

INDEPENDENTLY  OF  DECOMPOSITION. 

Thikd  Class.— organic  SUBSTANCES,  OR  COAGULABLE  PRINCIPLES  (18). 

First  Division,  Teosa  naturally  Liquid  (7). 
Fibrine,  Pancreatine, 

Albumen,  Mucosine, 

Albuminose,  Ptjaline. 

Caseine, 

Second  Division,  Tarn  Solid  and  Dbmi-solid  (7). 
Globullne,  Cartilageine, 

Crystalline,  Ost^ine, 

Musculine,  Keratine. 

Elasticine, 

Third  Division,    Piomrntart  Substancrs  (4). 
Hsmatine,  or  Hsematosine,  Melanine, 

Biliverdine,  Urrosacine. 

In  addition  to  the  preceding,  may  be  mentioned' — 

I.  Certain  immediate  principles  of  j^rotaJfe  or  certain  existence, 
though  not  well  determined. 

1.  Of  the  first  class — Silex,  in  hair,  &c.,  p.  37. 

2.  Of  the  second  class — Acetate  of  soda,  leucine,  xanthine,  hypo- 
xanthine,  lienine,  two  acids  peculiar  to  human  urine,  haematoidine, 
butyrine,  butyroline,  phosphorized  fatty  matters  of  the  brain,  cere- 
bric  acid,  and  cerebrate  of  soda. 

3.  Of  the  third  class,  the  following  are  probable :  Neurine,  syno- 

I  Robin  and  Verdeil,  vol.  iii.  pp.  415  to  573. 
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vine,  lachrymine,  spermatinei  organic  substance  peculiar  to  dropsi- 
cal effusions,  paralbuminCi  pyine. 

n.  Substances  knovm  to  exist,  but  doubtful  as  immediate 
principles. 

1.  Of  the  first  class ;  ammonio-sodaic  phosphate ;  phosphate  of 
ammonia ;  ditto  of  iron  ;  chloride  of  calcium,  of  magnesium,  and  of 
iron  ;  arseniate  of  lime. 

2.  Of  the  second  class ;  tartrate  of  iron ;  benzoic  acid,  and  ben- 
zoates  of  soda,  potassa,  lime,  and  ammonia ;  glycocol ;  hippurate 
and  lactate  of  ammonia ;  succinate  of  soda ;  urostealite,  xanthocys- 
tine,  urate  of  iron,  sulphocyanuret  of  potassium,  and  of  sodium ; 
formic  acid ;  a  peculiar  crystallized  principle  in  semen ;  butyric 
acid;  uroglaucine;  inosite. 

8.  Of  the  third  class ;  phymatine ;  hydatidine ;  animal  substance 
of  calculi ;  fibralbumine ;  cyanurine ;  melanurine ;  coloring  matter 
of  blue  suppurations. 

III.  Certain  simple  bodies  whose  actual  state  of  combination  is 

unknown,  or  not  generally  indicated :  iron,  copper,  lead, 
manganese,  arsenic,  sulphur,  and  the  carbon  of  the  lungs. 
These  are  also  termed  medicinal  principles. 

IV.  Certain  natural  and  artificial  chemical  compounds  which 

are  not  immediate  principles.    And 

V.  Substances  called  immediate  principles;  but  which  either 
do  not  exist  at  all,  or  do  so  as  mixtures  or  products  of 
chemical  changes.* 


First  Group. 
CLASS  FIRST. 

IMMEDIATE  PRINCIPLES  OF  MINERAL  ORIGIN. 

All  these  principles  have  a  definite  chemical  composition,  the 
formula  for  which  will  be  given  with  the  rapid  description  of  each 
of  them  which  follows, 

'  For  these  two  lists,  see  Am.  Med.  Monthly  for  March,  1855. 
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The  gaseous  or  Uquid  imrrudiate  principles^  and  those  which  are  not 

saline, 

1.  Oxygen.  (0.) 

Oxygen  is  to  be  regarded  as  an  immediate  principle  only  when 
existing  in  a  free  state  in  the  body,  as  in  venous  and  arterial  blood, 
in  the  air-cells  and  bronchial  tubes,  and  sometimes  in  the  stomach. 

The  whole  amount  of  free  oxygen  in  the  body  averages  about 
77^  grains,  and  in  the  blood  alone  61  grains.  There  are  about  9{ 
cubic  inches  of  oxygen  in  the  arterial  blood,  and  14^^  inches  in  the 
venous.  But  the  proportional  amount  is  greater  in  the  former  than 
in  the  latter,  in  the  ratio  of  2.41  to  1,  and  sometimes  even  of  3  to 
1.17;  since  there  is  but  two-thirds  as  much  blood  in  the  arterial 
system  as  in  the  venous.  {Robin  and  Verdeil.) 

Oxygen  exists  in  the  blood  in  a  liquid  state  (in  a  state  of  solution), 
and  probably  mostly  in  the  corpuscles  alone. 

The  amount  of  oxygen  received  into  the  lungs  of  an  inhabitant 
of  Potosi,  13,000  feet  above  the  level  of  the  sea,  however,  equals 
only  two-thirds  of  that  consumed  by  an  inhabitant  of  a  maritime 
city. 

The  theory  of  Liebig,  adopted  by  French  and  German  chemists 
generally,  that  in  the  case  of  the  higher  animals  the  oxygen  consumed 
in  respiration  is  destined  to  combine  finally  with  the  tissues  and  the 
calorific  (respiratory)  elements  of  the  food  (starch,  sugar,  fats,  &c.), 
thus  forming  carbonic  acid,  water,  &c.,/or  the  purpose  of  producing 
and  maintaining  the  animal  heat^  is  evidently  too  narrow  a  view  of 
this  subject.  Heat  is  the  result  of  nutritive  changes  of  all  kinds, 
but  not  the  direct  object  of  them.  It  is  in  its  action  on  the  tissues 
of  the  body,  as  a  vital  stimulus,  that  the  prime  importance  of  oxy- 
gen consists;  though  the  incidental  development  of  heat,  as  above 
stated,  is  indispensable  to  the  organism. 

The  quantity  of  oxygen  consumed  in  a  year  by  an  adult  male  is 
about  800  i)ounds. 

2.  Hydrogen.  (H.) 

Free  hydrogen  exists  normally  in  the  stomach,  colon,  and  caecum, 
forming,  of  all  the  contained  gases,  3.55  per  cent,  in  the  first  organ, 
from  5.4  to  11.6  per  cent,  in  the  colon,  and  7.5  in  the  cajcum.    This 
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gas  is  formed  in  the  alimentary  canal ;  but  precisely  how,  is  not 
ascertained.  There  is  also  a  very  small  quantity  of  it  in  the  gases 
expired  in  normal  respiration.  None  has,  however,  yet  been  found 
in  the  blood,  though  the  last  fact  might  lead  us  to  expect  to  find 
it  there.* 

8.  Nitrogen.  (N.) 

Free  nitrogen  is  found  in  the  air-cells  of  the  lungs,  in  the  blood, 
and  the  intestinal  gases,  both  healthy  and  morbid.  The  whole 
amount  in  the  lungs  and  the  blood  varies  from  46.755  to  47.52 
grains.  In  the  blood  it  is  dissolved  and  in  a  fluid  state.  It  consti- 
tutes from  one-tenth  to  one-sixth  of  all  the  gases  in  this  fluid,  and 
is  more  abundant  in  the  arterial  than  in  the  venous  blood  (as  1.51 
to  1).  Animals  sufiering  from  emaciation  inhale  more  nitrogen 
from  the  atmosphere  than  they  return  to  it  by  expiration. 

4.  Carbonic  Acid,  (CO.,) 

This  gas  exists  in  the  lungs,  the  alimentary  canal,  the  blood,  and 
the  urine,'  it  being  in  the  two  latter  in  a  state  of  solution.  The 
amount  in  the  blood  would,  in  its  gaseous  state,  occupy  from  one- 
fifth  to  one-third  of  the  space  actually  filled  by  the  whole  mass  of 
blood.  It  is  dissolved  in  both  the  serum  of  the  blood  and  the  cor- 
puscles, there  being  more  in  arterial  than  in  venous  blood  (JB.  and 

F.),  as  is  the  case  with  oxygen  and  nitrogen.  Oxygen  is,  however, 
dissolved  principally  in  the  corpuscles,  as  has  been  seen.  The 
greater  amount  of  carbonic  acid  gas  in  the  arterial  blood  confirms 
the  idea  that  it  is  set  free  in  the  lungs  from  the  carbonates  in  the 
blood  by  the  action  upon  the  latter  of  pneumonic  acid.  {Robin  and 

Verdeil.)    That  it  is  originally  formed,  however,  by  the  action  of 

'  Carbureited  and  sulphuretted  hydrogen  are  also  included  among  the  immediate 
principles  by  Robin  and  Verdeil.  They  are  here  omitted,  since  they  are  found  only 
in  the  air-passages  and  the  large  intestine,  and  appear  to  be  evolved  in  consequence 
of  some  abnormal  chemical  process.  In  the  intestine  the  sulphuretted  hydrogen  is 
always  in  smaller  quantity  than  the  other  gases.  It  is  formed  in  the  alimentary 
canal ;  but  precisely  how,  is  not  ascertained.  It  is  also  disengaged  from  abscesses 
near  a  mucous  membrane  (e.  g.  near  the  anus),  or  by  putrefaction  of  pus  or  of  or- 
ganized tissue.  Abscesses  on  the  limbs,  under  the  deltoid,  or  in  the  kidneys,  have 
also  been  known  to  disengage  it. 

'  "All  the  tissues  in  the  body  contain  a  small  quantity  of  dissolved  gases,  and 
carbonic  acid  can  be  detected  in  all  the  animal  fluids,  &c.*' — Todd  and  Bowman , 
p.  730,  Am.  ed. 
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oxygen  upon  the  tissues  and  the  calori6c  elements  of  the  food,  may 
l)e  regarded  as  established;  and  to  prevent  an  undue  accumulation 
of  it  in  the  blood  from  these  sources  is  the  principal  object  of  the 
aerating  process, 

5.  Protoxide  of  Hydrogen —  Water,  (HO.) 

Water  enters  into  the  composition  of  every  fluid  and  every 
tissue,  hgwever  solid  (even  enamel),  in  the  body,  uniting  in  true 
binary  combination,  and  forming  one  of  its  essential  constituent 
parts.  It  is,  therefore,  one  of  the  most  important  of  the  immediate 
principles,  and  exists  in  far  greater  amount  than  all  the  rest  to- 
gether. 

The  cubical  mass  of  the  human  body  is  calculated  by  Eobin  and 
Verdeil  as  varying  from  62  to  70  litres*  in  the  male,  and  from  46  to 
63  in  the  female— equal  in  the  former  to  a  cube  16  to  16.4  inches  on 
a  side.  Of  the  preceding  quantity,  at  least  42  or  43  litres  are  water, 
which  equals  a  cubic  mass  14.1  to  15.2  inches  on  a  side.  Thus 
nearly  three-fourths  of  the  body  is  water.  Burdach  estimated  the 
water  at  two-thirds  of  its  weight.  Of  course  the  proportion  is  still 
greater  in  infancy  and  childhood. 

A  table  is  given  by  the  authors  just  mentioned,*  showing  the 
prop)ortional  amount  of  water  in  each  fluid,  and  in  each  tissue  and 
organ,  in  the  body.  With  the  exception  of  enamel,  dried  cuticle, 
teeth,  bones,  tendons,  and  elastic  tissue,  there  i^  no  tissue  which  is 
not  more  than  one-half  water.  Enamel  is  only  yj^  water  {Senac)] 
thtC  substance  of  the  testis,  ^^^^^  water.  The  human  brain  is  yYoa 
water.  {Denis)  But  no  tissue  or  fluid  in  the  body  has  always  pre- 
cisely  the  same  amount  of  water,  or  of  any  other  immediate  principle. 
It  varies  constantly,  though  within  narrow  limits,  from  one-tenth  to 
three-tenths,  and  the  mean  only  is  given  in  the  table  alluded  to. 

But  the  other  immediate  principles  vary  with  the  variations  in 
the  water.  Hence  the  error  of  those  who  would  find  the  cause  of 
diseases  in  one  tissue  or  fluid  alone,  or  who  would  cure  them  by  the 
administration  of  water  alone,  or  of  any  other  immediate  principle 
exclusively. 

In  all  the  tissues  and  organs  just  mentioned,  in  which  less  than 
one-half  is  water,  and  in  many  cases  where  the  water  constitutes 
iVo  (muscle)  to  ,®)*5  (cortical  substance  of  calfs  brain)  of  the  whole, 

*  A  litre  U  rerj  nearljr  a  quart  in  measure.  '  Op.  cit.,  pp.  11&-118. 


46 


MMEDIATE   PRINCIPLES   OF   THE   TISSUES, 


the  water  is  in  a  30UJ  state,  ancl  entirelj  different  from  any  condition 
in  which  it  is  found  in  the  mineral  kingdom.  Hence  muscle  has 
more  consistence  than  hlood,  and  the  cortical  substance  of  the  brain 
more  than  synovia;  though  these  two  fluids  have  less  water  than 
the  solids  compared  with  them.  This  water  is,  therefore,  in  chemical 
combinalion  in  the  tissues,  and  not  interposed  between  their  elements. 

In  the  fluids  the  water  is,  of  course,  in  s,  Jtnid  state,  and  here 
holds  solids  in  solution.  In  a  single  instance  only — the  hajitua  from 
the  lungs — is  the  water  in  a  gaseous  state. 

Mere  solution  is  chemical  combination,  but  the  feeblest  known. 
Water  combining  with  a  soUd  in  less  amount  than  sufficient  to  dis- 
solve, is  fixed  in  it,  itself  becoming  solid ;  in  increased  quantity,  it 
dissolves  the  other  substance,  that,  on  the  other  hand,  becoming 
fluid.  The  organic  substances  (osteine,  musculine,  &c.)  have  the  pe- 
culiar property  of  fixing  an  amount  of  water  of  far  greater  volume 
and  weight  than  themselves,  while  they  still  remain,  and  also  render 
the  water  demi-aolid.  Organs  formed  principally  of  these  substances, 
however  (and  hence  containing  much  water,  as  explained),  alone  live 
independently  and  on  their  own  account — alone  present  the  double 
vital  phenomenon  of  composition  and  decomposition. 

But  it  is  not,  however,  merely  pure  water — the  mere  protoxide 
of  hydrogen — that  is  fixed  and  solidified  by  albumen,  gelatine,  Ac^ 
but  a  saline  solution  instead.  Hence  they  swell  when  immersed  ia 
pure  water,  since  an  additional  amount  of  the  latter  is  thus  gene- 
rally fixed. 

The  muscle  of  the  calf  contains  more  water  than  that  of  the  ox; 
but  an  equal  weight  of  human  bone  (separate  from  the  marrow), 
whether  from  the  infant  or  the  adult,  contains  the  same  amount 
of  it. 

Tables  are  given  of  the  diseases  in  which  the  blood  contains  an 
abnormal  amount  of  w-iter,  whether  in  excess  or  diminution.  Since, 
however,  the  blood  is,  in  almost  all  cases,  taken  from  the  arm  alone, 
while  that  of  the  vena  portie,  of  the  hepatic  veins,  and  of  the  renal 
veins,  is  different,  and  cannot  be  examined  in  man,  wo  need  further 
investigation  in  reganl  to  the  blood  in  these  latter  vessels,  in  case  of 
diseased  animals,  that  we  may  thus  infer  its  condition  in  the  same 
vessels  in  cases  of  disease  in  the  human  body. 

Whence  comes  the  water  in  the  body  ? — for  it  both  enters  and 
leaves  the  body  already  formed,  i.  e.  as  protoxide  of  hydrogen. 
The  water  in  the  ovum  and  in  the  embryo  during  development  is 


SALTS.  4*1 

obtained  from  the  body  of  the  mother,  first  by  imbibition  from  the 
macus  of  the  Fallopian  tnbe  by  the  vitelline  membrane,  then  by  the 
villi  of  the  chorion,  and  when  these  become  vascular,  after  the  de- 
velopment of  the  allantois,  they  derive  it  from  the  mother's  blood 
till  birth.  Subsequently  it  enters  the  blood  from  the  alimentary 
canal,  having  entered  the  latter  with  the  food,  or  as  a  beverage ; 
accidentally  entering,  also  (as  in  bathing),  by  the  skin.  The  aggre- 
gate amount  of  water  consumed  as  drink  by  an  adult  male  in  a  year 
is  about  1,500  pounds.  M.  Barral  finds  that  more  water  leaves  the 
body  than  enters  it,  and  maintains  that  the  surplus  is  formed  in  the 
body  by  the  combination  with  hydrogen  of  the  oxygen  in  the  in- 
spired air,  and  the  excess  of  oxygen  over  the  hydrogen  in  our  ali- 
ment 

Uses  of  WcUer  in  the  Body. — It  gives  to  organic  substances  their 
mechanical  properties,  to  fluids  their  fluidity,  to  demi-solid  sub- 
stances their  elasticity  and  particular  consistence;  and  difierent 
properties  to  the  hard  parts — to  cartilage  its  flexibility,  to  bone  its 
tenacity.  But  in  the  last  the  water  is  more  intimately  united,  and 
being  once  separated,  will  not  unite  again.  Water  gives  to  all  parts 
the  possibility  of  manifesting  their  chemical  properties  also,  and 
hence  that  instability  characteristic  of  organized  tissues,  and  the 
constant  acts  of  combination  and  decomposition.  But  it  also,  with 
these  advantages,  confers  the  liability  to  sudden  changes  in  the 
blood,  or  in  the  organs,  from  putrid,  purulent,  or  mephitic  infec- 
tions, facilitates  the  transmission  of  poisons,  procures  the  aptitude 
to  decomposition,  and  hence,  in  many  cases,  induces  sudden  death.' 

The  water  makes  its  exit  from  the  body  by  the  kidneys  and  the 
skin,  in  the  feces,  and  from  the  pulmonary  mucous  membrane. 
About  1,900  pounds  escape  annually  through  these  outlets,  the 
urine  alone  containing  900  pounds.  The  fact  that  400  pounds  more 
of  water  are  excreted  than  are  ingested  as  drink  is  accounted  for, 
in  part,  by  M.  Barral,  as  already  stated ;  while  it  must  be  recollected 
that  our  food,  also,  always  contains  more  or  less  water.  ~ 

SECOND  DIVISION. 
The  Saline  Principles—Salts.  (19.) 

The  salts  contained  in  each  tissue  are  represented  by  the  ashes 
resulting  from  its  combustion  pretty  nearly,  but  not  precisely,  since 

*  Robin  and  VerdeiL 
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this  o^rlionic  acid  of  the  carbonates  is  set  free  bj  too  elevated  a  tem- 
pismturc,  and  then  merely  the  base  remains  in  the  ashes.  Salts  enter 
inUi  the  composition  of  every  organized  tissue,  though  sometimes 
ill  the  slightest  degree. 

^J'he  salts  in  the  fluids  and  tissues  are  merely  dissolved  in  water; 
on  l>eirfg  dissolved,  they  then  serve  as  solvents  for  other  immediate 
principles — e.  g,  solutions  of  salts  with  alkaline  bases  (soda  and 
potassa)  in  the  serum  of  the  blood,  dissolve  certain  fatty  principles 
there. 

None  of  the  salts  combine  with  the  principles  of  the  second  class 
(those  formed  by  dis-assimilation)  except  common  salt,  which  unites 
with  urea,  forming  the  chloro-sodate  of  urea.  It  is,  indeed,  in  this 
combination  with  soda  that  urea  exists  in  the  blood,  in  the  vitreous 
humor  of  the  eye,  and,  in  part,  also,  in  the  urine.  {R.  and  V.) 

Some  of  the  salts,  especially  several  of  the  phosphates,  in  con- 
nection with  water,  combine  directly  with  some  of  the  organic  sub- 
stances (third  class),  and  thus  result  certain  organized  substances, 
or  tissues,  U.  g.  the  phosphate  of  lime  combines  directly  with  the 
osteine  in  bone,  to  form  the  tissue  of  the  latter. 

Besides,  the  earthy  salts  especially,  by  their  union  with  the  or- 
ganic substances,  manifest  a  power  in  aid  of  assimilation;  and 
common  salt,  the  phosphates  of  lime  and  magnesia,  and  the  neutral 
phosphate  of  soda,  are  found  in  every  tissue  and  every  fluid  in  the 
body.  Hence  the  salts  are  indispensable  in  our  food.  They  also 
aid  in  dis-assimilation  by  yielding  their  bases,  while  still  forming  a 
part  of  the  tissues,,  to  acids  of  organic  origin,  as  the  uric  and  hip- 
puric.  By  these  latter  combinations,  also,  the  animal  heat  is  in  part 
produced.  Moreover,  their  presence  with  the  principles  of  the 
second  class  alone  enables  several  of  the  latter  to  combine  with 
oxygen,  and  even  to  displace  it  from  metallic  oxides. 

Liebig  discovered,  in  respect  to  this  class,  that  the  phosphates  and 
carbonates  of  soda  may  replace  each  other  in  the  blood  without 
detriment.  Hence,  if  the  food  contains  only  phosphates,  without 
carbonates— €.  g,  bread  and  meat — the  blood  contains  no  carbonates; 
if  potatoes  be  added  to  the  preceding,  the  blood  contains  some  car- 
bonates; and  if  the  diet  be  of  fruits  alone,  the  blood  acquires  the 
character  and  the  composition  of  that  of  the  ox  or  sheep.  The 
urine  also  contains  alkaline  phosphates  in  the  first  case,  and  alka- 
line carbonates  in  the  latter. 

The  observations  of  Bence  Jones,  to  the  effect  that,  in  chorea  and 
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delirimn  tremens,  the  sulphates  and  urea  are  increased  in  the  urine, 
while  the  phosphates  are  diminished,  and  that  in  encephalitis  the 
phosphates  and  the  sulphates  are  considerably  increased,  are  ex- 
plained hy  a  reference  to  the  chemical  composition  of  the  muscles 
and  of  the  brain  respectively,  and  to  the  substances  resulting  from 
their  dis-assimilatioo. 

»1.  Chloride  of  iSodmm,  or  Afarine  Salt.  (NaCl.) 
Common  salt  is  contained  in  every  fluid  and  every  solid  in  the 
body,  except  that  it  has  not  yet  been  found  in  enamel.  The  urine 
of  those  I'ti  arlicuh-moriU  is  almost  en  tirely  deprived  of  it.  It  is  the 
most  abundant  of  the  principles  of  inorganic  origin,  and  is  found 
daring  the  whole  period  of  existence,  even  in  the  ovule. 


In  human  blood  the  marine  salt  amounts  to  0.31  to  0.S7  per  cent,, 
and  bears  to  all  the  other  salts  taken  together  th6  proportion  of  2.4 
(even  3)  to  1 ;  and  the  proportion  is  very  similar  in  the  blood  of 
other  animals.  Muscular  tissue  contains  very  little  of  it,  and  Bra- 
connot  found  none  at  all  in  the  heart  of  the  ox.  There  ia  more  of 
it  in  saliva,  gastric  juice,  mucus,  pus,  and  inflammatory  exudationS|(?) 
than  in  the  blood.  Indeed,  it  always  abounds  where  cells  are  form- 
ing in  fluids. 

It  exists  in  a  liquid  state  in  every  part  except  the  bones,  teeth, 
aod  cartilagea  It  ia  always  dissolved  in  water,  and  never  chemi- 
cally combined  in  any  tissue  with  the  peculiar  elemenis  of  the  latter. 
Thus,  also,  it  is  never  found  in  the  organism  in  an  isolated  state. 

There  is  three  or  four  times  as  much  common 
salt  in  the  blood  as  in  the  muscles,  and  still  more 
in  the  urine  than  in  the  blood.  The  proportion 
in  the  urine,  however,  varies  with  the  nature  of 
the  aliment ;  that  in  the  blood  does  not.  There 
is  a  large  amount  of  chloride  of  potassium  in 
the  muscles;  and  this  salt  has  very  generally 
been  confounded  with  the  chloride  of  sodium  chiotido  of  ><;dioni  oi.- 
in  analyses  of  the  different  organs  and  tissues,  "'°^,*'i[J^"j,^jhiJ^'J 
The  forms  of  the  crystals  found  in  the  urine,  of  "i^.  "od  innrij  »i«po™i, 
common  salt,  are  represented  by  Figs.  1  and  2.     °* 

The  presence  of  common  salt  in  the  blood  is  a  condition  essential 
10  the  endosmosis  from  the  alimentary  canal  into  the  blood,  of  ali- 
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tni^ttiiiry  mt\mUineeB  diflBolTed  in  water,  and  of  tbe  aolntion  of  albu- 
uttd   piyrhapf  of  the  fMj  prindples.     In  oonnection  with 

albumen,  it   prevents   the 
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solution  of  the  blood-cor- 
puacles  in  the  serum.  It  is 
also  a  condition  of  the  acts 
of  assimilation  and  efts-assi- 
milation ;  hence  the  suppres- 
sion of  it  in  food  produces 
chlorosis  (even  in  man),  lan- 
guor, weakness,  and  pale- 
ness, and  even  oedema.  It 
produces  a  more  abundant 
secretion  both  of  saliva  and 
of  gastric  fluid,  and  thus  fa- 
cilitates digestion.  Hence 
it  is  needed  most  if  the  food 
♦•»«i«ii4«  tt(  tttdium  from  iiow  erapontioii  of  he*ithj   \yQ  principally  Vegetable,  or 

in  case  of  herbivorous  ani- 
limbf  iince  this  kind  of  food  contains  very  little  of  this  salt. 

Mora  marine  salt  than  is  actually  required  in  the  organism  enters 
Uitf  utomach  in  the  food  and  drink.  The  average  daily  amount  con- 
Mtuaad  in,  according  to  M.  Barral,  4.75  grains  in  the  food,  and  109.2 
grains  added  as  condiment;  more  than  this  amount, however, being 
usad  In  the  latter  way  during  winter.  It  leaves  the  body  in  the 
urine,  the  feces,  the  sweat,  and  mucus. 

2.  Chloride  of  Potassium.  (KCl.) 

This  is  found  in  milk,  the  muscles,  the  liver,  cerebro-spinal  fluid, 
tha  blood,  nasal  mucus,  saliva,  bile,  gastric  fluid,  and  the  urine.  It 
uxiiitM,  also,  in  the  fluid  rejected  in  choleras,  and  in  that  of  dropsies. 
In  the  preceding  alone  has  it  thus  far  been  found.  It  constitutes 
iViiin  0.4  to  1  part  in  100  of  muscle,  and  only  .03  to  100  in  human 
milk.    In  blood  the  quantity  has  not  yet  been  specified. 

It  is  always  dissolved  in  water,  like  common  salt.  And  since  in 
h\unan  blood  the  phosphate  of  potassa  is  always  accompanied  by 
ohloride  of  sodium,  and  these  two  salts  may  become  mutually  de- 
composed into  chloride  of  potassium  and  phosphate  of  soda,  the  salt 
under  consideration  may  thus  be  formed  in  the  body,  as  well  as  be 
introduced  in  muscle  or  milk  used  as  food. 
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8.  Fluoride  of  Calcium.  (OaFl.) 

This  is  found  only  in  bones  and  teeth  (both  the  enamel  and  den- 
tine). Marchand  finds  1  per  cent  of  it  in  human  bone ;  the  quan- 
tity in  human  teeth  has  not  been  determined.  Berzelius  found  in 
the  ox  4  per  cent,  of  this  salt  in  the  enamel,  and  5  per  cent,  in  the 
dentine.  It  is  not  known  from  what  alimentary  substances  it  is 
derived,  how  it  leaves  the  body,  nor  the  part  it  acts  therein,  except 
by  reason  of  its  hardness.^ 

4.  Sydrochlorate  {and  Carbonate  and  Bicarbonate)  o/Ammontet. 

Nothing  is  known  of  the  functions  of  these,,  and  it  iis  not  demon- 
strated that  the  last  two  are  immediate  principles.  The  first  exists 
in  the  tears,  the  saliva,  and  the  urine.  Whether  formed  in  the  body, 
or  derived  from  the  food,  is  imknown* 

5.  Carbonate  {and  Bicarbonate)  of  Lime,  (CaOCO,.) 

The  presence  of  the  latter  is  only  accidental  in  the  human  body. 

The  carbonate  of  lime  exists  in  bones,  teeth,  cartilages,  and  the 
blood.  Otoconites  are  formed  almost  entirely  of  it.  Traces  are 
found  in  the  ashes  of  the  lungs.  It  is  also  found  in  the  concretions 
(incorrectly  called  ossifications)  of  the  muscles,  arteries,  valves  of 
the  heart,  in  false  membranes,  around  fibrous  tumors  of  the  uterus, 
in  the  dura  mater,  and  in  the  pineal  body.  Preputial,,  salivary,  ton- 
mllary,  lachrymal,  and  certain  pulmonary  concretions,  tubercles  (cre- 
taceous and  the  common  form),  and  certain  urinary,  biliary,  and 
arthritic  calculi,  contain  this  salt.  In  all 
cases  it  is  combined  with  the  pho^hate 
of  lime.  It  is  sometimes  also  found  in 
alkaline  human  urine.  A  rare  form  in 
the  urine  is  shown  by  Fig.  8 ;  it  usually 
being  an  amorphous  powder  like  the  phos- 
phate of  lime.  Landerer  has  also  found  it 
in  the  crystalline  lens  affected  with  cata- 
ract. 

This  salt  is  found  in  most  of  the  tissues 

.  ^    .  .      .  ,  .A  rare  form  of  carbonate  of  Una, 

and  fluids  in  an  amorphous  state — e.  g,  in         foand  in  aikaiine  nrin«. 


Pig.  3. 


*  Dr.  Q,  Wilson  has  demonstrated  the  existence  of  fluorine  in  the  hlood  and  in 
mOk ;  and  the  flnoride  of  oaloiom  exists  In  many  mineral  waters,  and  in  plants- 
growing  in  micaeeons  soils. 
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the  pineal  gland,  on  the  plexus  choroidea,  &c.;  but  otoconitea  are 
formed  entirely  of  carbonate  of  lime,  in  crystals  of  the  rhomboidal 
form,  which  is  peculiar  to  it. 

It  is,  doubtless,  in  a  solid  state  in  bones,  teeth,  and  cartilage,  and 
in  the  concretions  before  mentioned.  It  is  certainly  in  a  liquid  state 
in  the  blood,  but  not  in  direct  solution,  since  water  yery  slightly 
dissolves  it.  The  chloride  of  potassium  and  the  carbonic  acid  there 
may  aid  in  its  solution,  since  both  the  former  and  also  a  fluid  con- 
taining the  latter  acid  dissolve  it  in  a  slight  degree.  In  bone  and 
cartilage  the  carbonate  is  doubtless  united  with  the  phosphate  of 
lime  before  being  combined  (in  company  with  it)  with  the  organic 
bases  (osteine  and  cartilageine)  to  form  the  fundamental  organized 
substance  of  these  two  tissues.  It  is  derived,  in  the  organism,  from 
spring  water  holding  carbonic  acid  in  solution,  and  also  from  the 
other  salts  of  lime  in  the  food. 

Finally,  much  of  the  carbonate  of  lime  found  by  calcination  of 
tissues,  &c.,  whence  it  ia  derived,  may  be  formed  by  this  process 
itself;  since  all  the  salts  of  Hme  which  have  a  combustible  acid  (e.  g. 
the  lactic)  are  thus  converted  into  the  carbonate  of  lime. 

6.  Carbonate  and  Bicarbonate  of  Soda.  (NaO.CO,i;  Na0.2C0,+H0.) 
The  first  of  these  salts  is  found  in  the  blood,  feces,  saliva ;  in  the 
urine,  when  alkaline,  without  being  amraoniacal;  and  in  osteo-sar- 
coma.  Valentin  also  found  about  one-third  of  one  per  cent,  of  it 
in  the  compact  tissue  of  healthy  bone.  It  ia  always,  in  the  organ- 
ism, dissolved  in  water,  and  therefore  liquid  or  solid,  as  may  be  the 
case  with  the  water  itself.  In  blood  it  constitutes  0.1628  per  cent,, 
and  in  feces  .08  per  cent.  To  it  is  due  the  alkaline  reaction  of  the 
blood,  the  saliva,  and  the  cerehro-spinal  fluid.  It  is  combined  with, 
and  dissolves,  the  albumen  of  the  blood;  and  even  prevents  the 
fibrin  from  coagulating,  if  the  blood  drawn  from  a  vein  falls  into  a 
vessel  containing  a  solution  of  this  salt.  It  maintains  the  elasticity 
and  the  firmness  of  the  blood-globules,  conditions  without  which 
hsematosis  cannot  be  secured.  {Robin,  and  Verdeil.) 

A  very  little  of  this  salt  is  derived  from  water  and  food ;  it  ia 
almost  wholly  formed  in  the  body.  The  malatea,  citrates,  tartrates, 
and  lactates  of  soda  and  of  potassa,  coutaini^d  in  fruits  taken  as 
food,  are  all  converted  into  the  carbonate  of  these  two  salts  respect- 
ively, and  thus  appear  in  the  urine.  The  hydrogen  lost  by  these 
acids,  on  being  converted  into  the  carbonic,  is  said  to  have  been 
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withdrawn  by  combination  with  the  atmospheric  oxygen,  to  form 
water  and  produce  animal  heat ;  a  proposition,  however,  which  ad- 
mits of  doubt  The  salt  leaves  the  body  in  the  urine,  and  a  portion 
is  also  decomposed  in  the  lungs,  by  the  pneumic  acid,  into  the  pneu- 
mate  of  soda. 

The  bicarbonate  of  soda  exists  nowhere  else  than  in  the  blood,  and 
there  its  existence  is  very  probable,  rather  than  demonstrated.  It 
is  formed  by  the  action  of  the  carbonic  acid  in  the  blood  upon  the 
carbonate  of  soda.  Its  function  is  too  nearly  identical  with  that  of 
the  latter  salt  to  need  further  notice  here. 

7.  Carbonate  {and  Bicarbonate)  of  Potassa.  (KOOO,.) 

The  latter  of  these  two  salts  is  found  in  the  urine  of  the  herbivora, 
but  not  in  the  human  body  at  all. 

The  carbonate  of  potassa  exists  in  the  blood  of  the  herbivora,  and 
of  man  and  the  dog,  when  they  consume  vegetable  food.  It  does 
not,  however,  in  the  former,  equal  more  than  one-third  or  one-half 
of  the  carbonate  of  soda.  It  is  formed,  like  the  latter  salt,  from  the 
malate,  citrate,  tartrate,  lactate,  &c.,  of  potassa.  Its  function  appears 
to  be  very  similar  to  that  of  carbonate  of  soda. 

8.  Sulphate  of  Soda.  (NaOSOj-f  lOHO.) 

This  principle  exists  in  very  small  quantity  in  the  body,  but  in 
almost  every  part  and  fluid,  except  the  milk,  bile,  and  gastric  fluid. 
It  may  be  found  in  milk  when  administered  medicinally.  Poggiale 
found  0.44  in  1,000  of  human  blood.  It  everywhere  exists  in  a 
fluid  state,  dissolved  in  water,  and  conduces  to  preserve  the  elasticity 
of  the  blood-corpuscles,  and  to  dissolve  and  keep  in  a  liquid  state 
the  fibrin  of  the  blood.  It  is  derived,  probably,  from  food  and 
drink,  and  is  evacuated  in  the  urine. 

This  sulphate,  and  that  of  potassa,  increase  in  the  urine  in  in- 
flammatory diseases,  while  both  diminish  in  chlorosis  and  chronic 
maladies. 

9.  Sulphate  of  Potassa  and  of  Lime.  (KOSO,  and  CaOSO,.) 

The  first  of  these  is  found  wherever  the  sulphate  of  soda  is,  they 
being  both  dissolved  in  water,  and  mixed.  Simon  found  S  parts  in 
1,000  of  urine.  Its  functions  appear  to  be  like  those  of  the  pre- 
ceding salt 

The  sulphate  of  lime  is  said  to  exist  in  the  feces,  in  blood,  and  in 
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racliitic  boaes ;  but  this  is  not  yet  certain.  It  is  probably  held  in 
Bolution  by  tho  alkaline  salts,  already  described.  It  is  obtained 
from  the  water  drunk.  It  is,  perhaps,  evacuated  in  small  quantity 
in  the  urine ;  or  is  decomposed  into  some  other  salt  of  lime,  and 
one  of  the  sulphates  just  mentioned. 


Flg.^ 


10.  Subphosphate  or  Basic  Phosphate  of  Lime. 
{Phosphate  of  Lime  of  Che  Tories— 8Ca0.3PO,.)' 
The  ashes  of  every  tissue  and  fluid  in  the  body  of  man  and  t1 
mammifera)  contain  this  salt,  while  some  of  thera  have  it  for  their 
principal  constituent,  so  far  as  the  mass  is  concerned.  It  consists 
of  eight  parts  of  the  base  combined  with  three  parts  of  the  acid. 
All  calcareous  deposits,  as  well  as  many  urinary  calculi,  and  phos- 
phatic  gravel,  contain  this  salt.  We  have  seen  that  in  all  cases  this 
exists  where  the  carbonate  of  lime  does.  It  is  the  phosphate  of 
Ume  which  forms  most  of  the  calculi  around  foreign  bodies  intro- 
duced into  the  bladder,  and  those  of  tho  prepuce,  and  which  is 
deposited  on  instruments  left  for  a  lime  in  the  bladder.  It  forms, 
often  by  itself,  or  with  the  ammonio-magne- 
sian  phosphates,  the  urinary  sand;  and  pros- 
tatic calculi  are  formed  of  it  alone.  Uterine 
and  vaginal  concretions  consist  of  this,  with 
a  little  animal  matter  around  some  nucleus 
introduced  from  without.  A  calculus  of  this 
phMph>wo(iiinfic«irnio.,from    Bait  is  shown  by  Fig,  4, 

The  quantity  of  phosphate  of  lime  varies 
in  different  parts.  In  bones  there  is  48  to  59,  and  in  enamel  even 
88J,  per  cent.;  in  dry  muscular  fibre,  .93  to  1  per  cent;  in  coagu- 
lated albumen  (from  the  blood),  1.8  per  cent. ;  and  in  fibrine  (firom 
venous  blood),  ,69  per  cent.  It  is  also  a  constituent  of  caseine, 
globuline,  and  cartilageine;  and  of  osteine  in  the  white  fibrous 
tissue,  as  well  as  in  bone.  In  the  ashes  of  urine  are  2,57  per  cent., 
and  of  solid  feces  12.78  per  cent.  But  the  more  a  part  is  submitted 
to  mechanical  influences,  the  more  phosphate  of  lime  is  deposited. 
Thus  there  is  more  in  the  bones  of  the  lower  than  the  upper  ex- 
tremities (in  the  same  weight),  and  leas  than  in  either  in  the  more 
passive  ribs.  The  eburnation  of  bone  is  generally  said  to  be  an 
illustration  of  the  same  principle;  though  Lehmanu  found  less  than 
the  normal  amount  of  this  salt  in  this  condition.     But  when  this 


Hainli  flnda  the  fomula  to  be  3CaO,PO. 
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mlt  increases  in  the  various  bones,  tte  otbere,  except  the  phosphate 
of  magnesia,  diminish  in  proportioo,  and  vice  versa ;  the  proportiou 
of  the  principliis  of  mineral  origin  remaining  constantly  the  same 
at  all  periods  of  life,  and  both  in  the  compact  and  the  cancellated 
tissue.  The  salt  just  excepted,  however,  increases  or  diminishes 
with  the  increase  or  diminution  of  the  phosphate  of  lime.  {R.and  F.) 

Tbis  salt  is  in  a  soUd  state  in  bone,  teeth,  nails,  and  hair.  Though 
insolnblein  vater,  it  is  in  a  liquid  stale  in  the  blood  and  all  the 
other  animal  fluids,  whether  in  its  free  state  or  combined  with  albu- 
minous matters.  When  free,  it  b  id  solution  by  the  aid  of  the  free 
carbonic  aotd  in  the  blood,  of  the  bicarbonates,  or  by  the  chloride 
of  sodium. 

In  bone  it  is  combined  with  their  peculiar  organic  substance 
(osteioe)^  and  doubtless  with  the  other  earthy 
salts.    It  is  also  combined  with  albumen  and  '''s  ^ 

Gbrine  in  the  blood,  as  has  been  seen.  In  the 
arine  it  is  held  in  solution  by  the  aoid  phos- 
phate of  lime  and  of  soda,  and  the  other  salts 
of  these  two  bases;  also  by  the  carbonic  acid 
in  the  urine.  Its  appearance  as  a  urinary  de- 
posit is  shown  by  Fig.  6. 

This  principle  gives  to  several  tissues  their 
physical  properties  of  resistance  and  solidity, 
upon  which  their  uses  principally  depend. 
This  ia  moat  apparent  in  the  osseous  tissue, 
Liebig  also  ascribes  to  it  the  insolubility  of  certain  tissues,  as  the 
moBCular  and  the  areolar. 

It  is  derived  from  milk  and  other  animal,  and  still  more  from 
vegetable,  diet.  The  phosphate  of  lime  of  bones — i.  e.  the  basic 
phosphate — exists  in  nature.  It  is  evacuated  in  the  urine.  That 
in  the  feces  is  the  overplus  in  the  aliment  which  had  not  left  the 
alimentary  canal  by  absorption.  A  part  is,  however,  changed  into 
the  acid  phosphate  of  lime,  and  thea  aids  in  the  decomposition  of 
the  tissues. 

The  acid  pfiosphaie  or  biphosphate  of  lime  exists  in  unne  (and  in 
gwtrio  juice?),  and  is  formed,  probably,  from  the  basic  phoeph&te. 

11.  The  Phosphate  of  Magnesia.  (MgOPO^) 
This  ia  found  in  all  the  tissues  and  fluids  in  the  bodies  of  the 
mammiferse,  but  in  all  cases  in  small  quantity.  It  is  more  abundant 
I  in  muscle,  however,  than  the  phosptate  of  lime. 


FtHMplwU  sf  Ume  In  u 
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It  ia  found,  in  a  crystallized  form,  in  the  pus  of  abscesses  of  dif- 
ferent organs,  in  the  serositj  of  ovarian  and  other  cysts,  in  that  of 
the  pus  of  the  pleura  and  peritoneum,  and  on  the  surface  of  carious 
and  necrosed  bones.  Ovarian  calculi  are  sometimes  composed 
mainly  of  it,  and  a  small  quantity,  at  least,  exists  in  all  urinary 
calculi. 

In  human  bona  it  constitutes  1.16  per  cent.;  in  thatof  the  herbi- 
vora  it  is  more  abundant  (2.05  per  ceut.  in  the  ox).  In  the  varying 
physiological  and  pathological  conditions  it  increases  or  diminishes 
with  the  phosphate  of  lime.  Of  enamel  it  constitutes  1.5  per  cent; 
of  dentine,  1  per  cent.;  of  muscle,  .023  per  cent.  Cartilage  contains 
a  large  amount — even  6.9  per  cent. ;  and  blood,  .137  per  cent.  Hu- 
man milk  contains  .05  per  cent. 

In  bone,  nails,  and  teeth  it  is  probably  in  a  solid  state,  and  com- 
bined (as  is  always  the  case)  with  the  phosphate  of  lima.  Though 
slightly  soluble,  it  ia  doubtless  directly  dissolved  in  water.  In  bone, 
ko^  these  two  salts,  first  united  together,  combine  with  the  plasma 
to  form  the  organic  principle,  or  osteine. 

It  is  obtained,  in  the  organism,  from  vegetable  food;  carnivoroos 
animals  deriving  it  from  the  bones  of  the  herbivora.  It  is  excreted 
principally  in  the  urine;  the  feces  also  containing  any  amount  not 
absorbed  from  the  food,  as  well  as  that  contained  in  the  intestinal 
and  pancreatic  fluids.  The  formation  in  the  organism  of  ammonia 
causes  a  part  of  this  salt  to  pass  into  the  state  of  ammonio-magne- 
sian  phosphate— as  in  the  feces,  in  cases  of  typhus  and  dysentery. 
The  function  of  the  phosphate  of  magnesia  iu  aid  of  endosmosis, 
and  of  assimilation  and  c/ts-assiinilation,  may  be  associated  with  that 
of  phosphate  of  lima 

12.  Ammonio-Uagiiesian  Phosphate.  (MgO.NHO^.HO.PO^) 
This  is  formed,  as  just  explained,  in  the  feces  in  disease,  and  in 
the  urine  after  standing  twenty-four  hours  or  lesa;  and  sometimes 
when  first  excreted,  if  the  latter  is  alkaline.  It  may  form  in  any 
alkaline  fluid  containing  the  phosphate  of  magnesia.  It  is  found  in 
vesical  calculi,  gravel,  and  saad,  and  still  oftener  in  renal  calculi; 
and  in  intestinal,  salivary,  uterine,  and  biliary  calculi.  In  all  cal- 
culi it  is  habitually  united  to  the  phosphate  of  lime.  It  exists  in 
the  Suid  form  only  in  acid  urine,  being  but  slightly  soluble  in  warm 
water  and  in  solutions  of  other  salts.  A  prolonged  use  of  phosphate 
of  magnesia  (or  mineral  water  containing  it),  has  produced  a  vesical 
calculus,  and  in  one  instance  even  in  two  weeks. 


1MI03PUATE    OF  SODA 


It  eacflpes  from  the  body  in  the  fluid  (or  feces)  in  which  it  is 
formed.  For  the  various  forms  of  its  crystala,  as  found  in  the  urine, 
OQQSult  Figs.  6  to  10. 


13.  The  Neutral  and  Acid  Phoxphates  of  Soda.  (Na0.2nOJ'0,+2HO.) 
The  neutral  phosphate  ia  found  in  all  the  fluids  and  solids  in  the 
body.  Urine  normally  contains  both  it  and  tho  acid  phosphate,  the 
former  constituting  2.41  parts  in  1,000,  (Simoji.)  In  cartilage  it 
cotutitutos  .92,  and  in  woman's  milk  .04  per  1,000.  It  ia  always, 
in  tho  body,  in  a  state  of  solution  in  water;  and  this  solution  bo- 
oomes  a  solvent  of  the  insoluble  phosphates  and  the  nitrogenized 
subetances.  Thus  it  has  properties  analogous  to  the  sulphate  of 
soda.  It  may  also  replace  the  carbonate  of  soda  in  the  blood,  and 
does  BO  in  case  of  a  substitution  of  animal  for  vegetable  food, 
,  It  escapes  in  the  urine  and  the  feces,  but  in  the  former  is  cod- 
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verted  previously  into  the  acid  phosphate,  or  into  the  forms  of  phos- 
phate of  lime,  of  magnesia,  or  the  ammonio-magnesian  phosphate. 
The  acid  phosphate  of  soda  }ias  hitherto  been  found  only  in  the 
urine.  We  have  seen  how  it  may  be  formed  from  the  neutral  phos- 
phate ;  the  basic  phosphate  may  also  exist  in  the  economy,  and  be 
converted  by  the  union  of  carbonic  acid  into  the  neutral  phosphate 
and  carbonate  of  soda.  The  acidity  of  the  urine  is  probably  due 
to  this  salt.  There  is  no  free  acid  in  fresh  urine,  except  the  uric, 
and  this  in  very  small  quantity.  The  constantly  changing  reactions 
of  this  secretion  are  owing  to  the  instability  of  the  phosphate  of 
soda.  {RMa  and  Verdeil) 

14.  The  Phosphate  cf  Potassa.  (KOPO^) 

This  very  much  resembles,  in  all  its  relations,  the  salts  just  men- 
tioned. Like  the  chloride  of  potassium,  it  is  unfavorable  to  the 
exchange  of  oxygen  and  carbonic  acid,  since  it  destroys  the  con- 
sistence and  elasticity  of  the  blood-corpuscles,  and,  like  it,  is  also 
much  more  abundant  in  the  muscles  than  in  the  blood.  Precisely 
the  reverse  is  true  of  the  phosphate  of  soda.  In  the  muscles  of  the 
calf  it  is  more  than  four  times  as  abundant  as  all  the  other  phos- 
phates taken  together.  (Robin  and  Verdeil)  It  is  derived  from  vege- 
table aliments  mainly.  It  has  not  been  found  in  the  urine;  but,  as, 
if  meeting  the  chloride  of  sodium,  the  phosphate  of  soda  and  the 
chloride  of  potassium  will  be  formed,  it  probably  leaves  the  body 
in  the  form  of  these  two  salta 

15.  Carbonate  of  Magnesia.  (MgOOO^) 

This  salt  exists  rarely  in  the  bones  and  in  concretions,  and  is 
therefore  included  by  Lehmann  among  the  accidental  mineral  con- 
stituents of  the  body.  It  is  often  quite  abundant  in  the  urine  of 
herbivorous  animals. 

CLASS  SECOND. 

IMMEDIATE  PRINCIPLES  OF  ORGANIO  ORIGIN,  FORMED  WITHIN  THE 

BODY  BT  DIS-ASSIMILATION. 

The  principles  of  this  class  are  sometimes  termed  "secondary 
organic  compounds.^'  They  all  have  a  definite  chemical  composi- 
tion, are  formed  within  organized  bodies,  vegetable  and  animal,  and 
exist  only  in  them.    Being,  however,  formed  (except  the  fatty  prin- 


/^ 


M  PRINCIPLES   07  ORGANIC   ORIGIN.  59 

ciplea,  aa  hereafter  explained)  by  dis-assimilation,  they  constitute  a 
part  of  the  organized  aubatance  of  the  body  only  in  an  accessory 
manner,  and  not  as  original  constituents  of  tLe  tifisuea.  Ilcnce  tbey 
arc  rejected  from  the  body  (except  fat)  almost  as  soon  as  formed, 
mostly  in  the  bile  and  urine.'  Their  accumulation,  indeed,  is  inju- 
rious, and,  aa  in  the  case  of  urea  and  others,  may  prove  fatal.  Even 
fat,  accumulating  in  the  epithelial  cells  of  the  kidney  or  the  liver, 
and  in  other  cases  of  fatty  degeneration,  produces  death.  Very 
corpulent  persons  do  not  atlJiin  to  an  advanced  age. 

These  principles  (except  the  fatty,  so  far  as  they  enter  into  the 
formation  of  adipose  tissue)  are  not  alimentary,  not  assimilable. 
Only  the  first  aniJ  the  third  classes  are  so.  Hence  our  food  muat 
contain  these  last,  while  it  does  not  contain  the  principles  under 
consideration.  The  fatty  compounds,  however,  are  required  in  the 
food  for  the  development  of  adipose  tissue;  and  sugar  is  usually 
taken  in  the  food,  though  it  may  be  formed  in  the  body  from  starch, 
in  case  none  is  thus  taken.  But  uo  tissue  is  nourished  by  it.  In 
any  tissue,  therefore,  except  the  adipose,  in  which  these  principles 
are  found  (as  lactic  acid,  creatine,  &o.,  in  muscle),  they  are  the  result 
of  the  waste  of  the  tissue  itself. 

Though  so  numerous  (forty-two  in  ali),  the  principles  of  the 
second  class  constitute  a  much  smaller  part  of  the  body  than  thosL' 
of  the  other  two  classes,  since  they  generally  exist  in  small  quanti- 
ties. Indeed,  about  two-thiTds  of  them  all  are  contained  in  the  blood, 
and  the  urine  is  next  in  order  in  this  respect.  The  bile  contains 
Severn],  also,  which  the  urine  dooa  not. 

All  these  compounds  are  in  the  liquid  state  in  the  body,  except 
(HOmetimes)  stearine  and  margarine ;  and  perhaps  the  cholesterine 
of  the  brain.  Some  of  them  may,  however,  accidentally  become 
solid,  and  form  concretions,  as  uric  acid,  cystine,  &c.  Generally 
they  are  liquid  by  direct  solution  in  water.  Stearine  and  marga- 
rine, however,  when  liquid,  are  dissolved  in  oleine. 

But  nine  simple  elements  are  found  in  this  class^sodium,  potas- 
dnm,  calcium,  magnesium,  sulphur,  carbon,  oxygen,  hydrogen,  and 
nitrogen. 

Preparatory  to  their  exit  fVom  the  body,  these  principles  gene- 
rally pass  into  the  slate  of  carbonates,  and  then  of  carbonic  acid ; 
or  are  rejected  in  the  urine,  either  unchanged  or  after  isomeric  cota- 

'  Thfa  elaas,  therefore,  inolndea  all  tbs  "urinary  depoeita,"  eipept  the  orgAtiued 
^M  ntiieni,  f  u,  ftod  blowl),  and  lome  of  the  wdts  Just  mentioned. 
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lysis.    Some  of  them,  however,  are  previously  converted  into  lactic, 
uric,  hippuric,  or  pneumic  acid. 

Since  the  tissues  are  formed  mainly  from  the  immediate  princi- 
ples of  the  third  class,  and  those  of  the  second  class  result  from  the 
waste  of  the  tisauea,  it  follows  that  the  last-meutioned  principles 
represent  the  amount  of  chemical  elements  of  the  third  class  which 
have  ceased  to  be  a  part  of  tie  living  organism.  Hence,  though 
very  important  to  the  physiologist,  they  need  not  occupy  mucli 
space  in  a  work  on  histology.  The  most  important  alone  will, 
therefore,  be  particularly  mentioned,  and  these  as  briefly  as  pebble. 


FIRST   DIVISION.  *■ 

Acid  or  Saline  Immediate  Principles  of  Organic  Origin.  ^| 
For  the  twenty-three  compounds  in  this  division,  the  reader  !S 
referred  to  the  table,  page  40.  They  are  found  in  a  notable  quan- 
tity only  in  the  excrementitious  fluids,  or  in  the  urine  alone,  or  in 
morbid  products,  except  the  inosate  of  potassa  and  the  lactic  and 
pneumic  acids.  Only  these  two  acids,  together  with  the  uric  and 
hippuric,  and  the  oxalate  of  lime,  will  be  hero  described.' 

1.  Lactic  Acid.  (CaH,0,.HO.) 

In  its  most  concentrated  state,  lactic  acid  ia  a  colorless,  inodorous, 
thick,  syrupy  fluid,  not  aolidifiable  by  the  most  intense  cold.  It 
exists  in  sour  milk,  resulting  from  the  fermentation  of  its  sugar. 
In  the  human  body  it  is  always  found  in  the  urine  when  the  oxalate 
of  lime  is,  and  while  one  is  living  on  a  strictly  animal  diet;  as  it  is 
in  all  circumstances  in  the  urine  of  carnivorous  animals.  It  is  also 
abundant  in  the  "muscular  juice;"  so  much  so,  indeed,  as  to  be 
more  than  sufQcient,  Liebig  asserts,  to  saturate  the  alkali  of  all  the 
alkaline  fluids  in  the  body.  Lehmann  has  also  found  that  lactic 
acid  and  the  lactates  exist  in  the  human  gastric  juice  and  in  the 
small  intestines. 

Origin. — The  lactic  acid  in  the  stomach  and  small  intestines  pro- 
ceeds partly  from  the  gastric  fluid,  and  partly  from  the  starch  and 
sugar  in  the  food,  by  fermentation.  It  enters  the  urine,  of  course, 
from  the  blood;  and  the  latter  from  the  alimentary  canal  on  the  one 
hand,  and  from  the  muscular  juice  on  the  other, 

'  The  last  faar  golta  of  Eoda  in  thia  clasa  (see  tlie  table),  are  peculiar  to  the ' 
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Uses. — Lactic  acid  in  the  gastric  juice  (with  the  hydrochloric)  is 
essential  to  the  digestion  of  the  nitrogenized  elements  of  our  food. 
Moreover,  as  the  alkaline  lactates  are  absorbed  into  the  blood,  they 
undergo  rapid  combustion  (being  thus  converted  into  alkaline  car- 
bonates), and  thus  become  the  most  efficient  supporters  of  animal 
heat  The  lactic  acid  in  the  muscular  juice  is  doubtless  a  resultant 
of  the  use  and  cfiis-assimilation  of  the  muscular  tissue.  Hence,  as 
Berzelius  asserted,  it  increases  in  proportion  to  the  extent  to  which 
they  have  been  exercised.  Liebig's  hypothesis,  that  an  electric  ten- 
sion influencing  the  function  of  the  muscles  is  established  by  the 
acid  muscular  juice  and  the  alkaline  blood  in  the  capillaries,  is 
simply  ingenious. 

The  hctaies  of  soda,  potassa,  and  lime  are  also  among  the  imme- 
diate principles  of  this  class. 

2.  Uric  Acid.  (C,HN,0,BO.) 

Uric  acid  always  constitutes  about  1  part  in  1,000  of  the  urine  of 
healthy  men.  It  is  usually  far  less  abundant  in  carnivorous  animals. 


^g.  11. 
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Uric  add— •rhombs. 


Fig.  13. 


Fig.  14. 
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Uric  add— thicker  rhomhs. 


Uric  add — modiC:d  rhombs. 
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Its  crystals  are  usually  tinged  with  a  yellowish  hue  by  the  ooloriit( 
matter  of  the  urine,  and  their  various  forms  are  represented  by 
Figs.  11  to  19. 


Drie  Mld-^oor-gli 

More  uric  acid  ia  found  in  tlie  urine  during  disturbed  digeetiCR 
the  urea  being  at  the  same  time  diminished.  {LeJimann.)    It  is  in- 


creased by  any  obstruction  of  the  circulation  producing  deficient 
aeration  of  the  blood;  hence  it  increases 
"8"   '■  during  fever,   in  heart  diseases,  and  en- 

largements of  the  liver;  also  very  much 
in  acute  articular  rheumatism.  It  dimi-; 
niahea,  however,  in  gout. 

In  the  urine,  when  discharged,  it  n( 
mally  exists  in  combination  with  soda,  and 
is  found  in  its  free  state  an  hour  or  more 
afterwards.  In  some  pathological  states, 
however,  and  in  cases  especially  of  uric 
,  DriDitgtgBi  lulu,      acid  cslculua  (Figs.  20  and  21),  it  may  be 
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IbMni/ree  in  urine  just  discbarged.    It  often  constitutes  the  nucletu 
of  the  various  forma  of  urinary  calculi.  (See  "Urinary  Concretions," 


Part  n.) 


It  is  demonstrated  tbat  the  urinary  deposit  described  by  Dr. 
Golding  Bird  as  the  urate  of  ammonia  is  the  urate  of  soda.  (Fig. 


S.)  This  salt  normally  exists  in  the  uriue,  forming,  when  abun- 
dant, the  "lateritious  sediment,"  or  the  "amorphous  yellow  and 
impalpable  sediment"  {PrtnU)  so  common  in  febrile  states.  It  also 
forma  calculi  (Fig,  23),  and  concretions  in  the  joints.  Indeed,  the 
urate  of  ammoaia  (Fig.  24),  very  seldom  occun  as  a  urinary  de- 
pofiit.  {Lthmann) 
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Una  aod  also  exists  in  the  blood,  flie 
precise  aoKnBt  being  not  jet  determined. 
It  is,  bowerer,  always  increased  in  it  in 
acute  gout,  and  oAen  in  Bright's  disease. 
It  is  not  increased  in  acnte  rheumatism. 
From  .004  to  .0175  per  cent,  has  been 
foand  in  the  blood  of  gouty  patienta, 
{Garrod.) 

Orijin. — Thongh  uric  acid  is  doubtless 
a  result  of  waste  of  the  tissues,  it  is  not 
certain  from  what  snbstance  nor  in  what 
locali^  it  is  first  formed.  It  appears  to  stand  "  one  degree  higher 
in  the  scale  of  the  descending  metamorphosis  of  matter  than  urea" 
(XeAmami) — Le.  it  is  converted  into  urea  (and  oxalic  acid)  by  a 
paittal  oxidation.  Hence,  when  aeration,  and  consequently  osy- 
genatkn,  is  impei&ct,  more  oric  acid  and  oxalate  of  lime,  and  less 
area,  appear  in  the  urine. 

3.  BippuTic  Acid.  (C„H^O^HO.) 
Hippuiie  (or  uro-benzoic)  acid  is  present  in  the  urine  during  the 
use  of  a  vegetable  or  a  mixed 


ng-aa. 


diet.  It  occurs  in  large  qoan- 
tity  in  acid  fthrile  urine,  what- 
ever the  variety  of  febrile  ex- 
citement, and  in  diabetic  arise. 
(Fig.  26.) 

The  hippuric  has  no  ascer- 
tuned  relationship  to  the  uric 
acid,  nor  is  any  thing  certidnly 
known  of  its  origin.  It  is 
doubtless  formed  from  the  eSete 
tissues,  and  has  no  special  oee  in 
the  organism.  The  hippurate 
of  lime,  soda,  and  potassa  are 
also  immediate  principles. 


4.  OxahUe  of  Lime.  (CaO.C,0,.) 
This  salt  is  frequently  present  in  very  small  amount  in  normal 
urine;  much  increased,  it  indicates  a  pathological  condition.    The 
forma  of  its  crystals  nre  indicated  by  Figs.  26  to  2i'. 


ClJiM*  tl  Upparte  uld  tKm  bomi 
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The  durab-bell  crystals  of  oxalate  of  lime,  so  called,  are  probably 
the  (xtaluret  of  lime — Figs.  80  and  81.  (Bird) 


Fig.  26. 


OctolMdrml  eixitAls  of  oxaUto  of  lime. 
Ffg.28. 


OxaUU  of  lime. 
Fig.  30. 


€>xalv«t  of  Urn*— donb^bell  oiyiUU. 


Fig.  27. 


Ozakito  of  lime. 
Fig.  29. 


o  i» 


OziUto  of  limo— oetohedrml  orjstalt,  dried. 
Fig.  31. 


Ozalaret  of  Um*— 4«mb»boll  erjttaLi. 


The  oxalate  of  lime  increases  in  the  urine  after  the  use  of  vege- 
table food ;  and  of  beer  which  contains  much  carbonic  acid  gas,  and 
the  alkaline  bicarbonates  and  vegetable  acid  salts.  It  often  appears 
in  the  urine  of  pregnant  women,  and  very  constantly  on  the  mucous 
membrane  of  the  pregnant  uterus.  Lehmann  finds  that  it  increases 
6 
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If  tb«  ursting  pnMson  it  id  a^iy  way  distnrbed,  and  is  common  in 
pulmimvjr  itmphymm*  anil  cliroitic  bronchial  catan-b,  and  in  cos- 
valoaeonce  from  wvere  diaewieH — as  tvphus.  It  is  always  accompa- 
iilwl  ill  tliQ  uriiiQ  liy  lactic  acid. 

Tlio  muVtrry  caknlwi  (Figs.  32  and  33)  consists  mostly  of  the 
i)l«liil«  i>r  liiiiv,  and  the  latter  enters  in  email  quantity  into  almost 

VlK-  ■Hi. 


■  ItdoKi  it  llwn  (WlUhlfrjl  ivlrvluo- 

iXi  Uiv  vnrietlM  of  oalcuU.    It  often  forms  alternate  layers  with  uric 
Mtd  (lfig.S4),  a  fact  disproTiog  the  notion 
•"V  **.  of  iito  "urio  acid  diathe^" 

In  aoote  casra  of  goat,  the  oxalate  of 
lioM  oxisis  ia  tlw  Uood.  {(hirrod.) 

(Hr*-— Osatn  add  (C,0^  in  ibe  organ- 
MM  is  nonaaUy  ooaTerted  into  carbonic 
mid  by  oxi<WM»— C,0,  becoming  C^O, 
W  S(V^  -^^T  caiose  ptvreBtuig  this  ox- 
idWiiOB,  ^anAn^  aaasea  an  anramntaiinn 
'  ef«xalMM»i,«Uc^eai^inag«itliIiaa^ 
ftwwo  dM  Mik  «4v  cawateaftna.    Qi>- 

livA.   1  liiftuwwiihaii  if  ifcm»WmMBa«qf  « 

^<fc»  mWliiwi^iWaVN^JfcOL  S.bqpiM[a«Mag^fradMiBg 

fc^ii^iliiit  «nteiM, M9  iwraiM  ii;  mi.  hmm  JlTij  «r  ika 

4^«tf6w>irwl^««AaniwMNl4ilNradhMana»n*»«9^B; 

tatk«H#'fiKdMdk(4  tfi.^tiama  wag  fwawa  aaaae  vie  ao^Mi 
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and  vice  vena.  Hence,  also,  alternate  layers  of  these  two  substaQces 
may  be  fonad  io  tbe  same  calculus,  and  the  idea  of  the  "oxalic 
diathesis"  must,  moreover,  be  regarded  as  a  fiction. 

5.  Pneumic  Acid, 

Pnenmic  acid  was  discovered  by  Verdeil  in  1851.  It  exists  in 
the  organized  substance  of  the  parenchyma  of  the  lung,  and  at  all 
agea  of  life.  It  has  the  same  relation  to  the  lungs  that  creatine  has 
to  muscle,  being  a  result,  probably,  of  their  metamorphosis.  It 
decomposes  tbe  carbonates  in  the  blood,  and  thus  sets  tree  their 
carbonic  acid,  which  accounts  for  its  greater  proportional  amoant 
in  arterial  than  in  venous  blood  (p.  44). 

The  pneumate  of  soda  is  also  found  in  the  lungs,  and  in  the  blood 
in  them;  but  it  subsequently  disappears,  not  being  found  in  any  of 
tbe  secretions. 


SECOND  DIVISION. 

Neutral  Nitrogenized  Immediate  Princtplea.  (4.) 

1.  Creatine.  (C,H^,0^.) 

Creatine  forms  transparent  and  very  brilliant  crystals  (Fig.  So), 
and  is  found  in  muscular  tissue  (both  the  striated  and  tbe  smooth 
fibre),  in  tbe  blood,  and  in  tbe  urine.  Lean  meat  contains  more  than 
fkt  meat,  and  the  heart  most  of 
alL  It  constitutes  about  .067  per 
cent,  of  human  mosole.  {Schloss- 
bcrger^  The  flesh  of  fowls  con- 
tains the  largest  quantity;  that 
of  fresh  water  fishes  the  smallest. 
It  is  always  in  a  liquid  state,  dis- 
solved in  water. 

Origiti. — Creatine  in  the  mua- 
calar  tissue  is  a  constituent  of 
the  "muscular  juice," hereafter  to 
be  described ;  but,  from  the  readi- 
nesB  with  which  it  is  decomposed 
into  creatinine  and  area,  there  is 
DO  reasonable  doubt  that  it  is 
derived  from  tbe  decomposition  of  the  muscular  tissue,  and  is  de- 


CmtlflB  STTiUlIlud 
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oostpoaed  into  these  and  similar  sabstancea  in  the  living  body,  and 
Unia  expelled  in  tlie  aiine. 

2.  Cr«alimne.  (CJl^fi,) 
The  crystals  of  creatinine  are  shown  by  Fig.  36.  It  is  found 
only  in  the  moscles  and  the  urine,  and  always  in  company  with 
creatine.  The  liquor  amnii  also 
proio^rvcootainsit  (ScAwer.)  In 
the  muscles  it  is  Gar  leas  abun- 
dant  than  creatine;  in  the  urine 
It  IS  far  more  so. 

Origin. — Creatinine  is  pretty 
certainly  produced  in  the  organ- 
ism from  creatme,  being  one  de- 
gree lower  than  the  latter  in  the 
descending  metamorphosis  of  the 
tissues  It  differs  from  creatine 
merely  in  containing  two  equi- 
valents less  of  water,  or  is  crea- 
tine minus  2{H0). 

3.  Urea.  (C,H,N,0,) 
Urea  is  the  most  highly  nitrogenized  compound  in  the  body.    It 
crystallizes,   if  slowly,   in   flat, 


^m^' 


Pig.  37. 


colorless,  four-sided  prisms  (Fig. 
37);  if  rapidly,  in  white,  silky, 
glistening  needles.  It  is  found 
in  the  urine,  the  blood,  and  the 
vitreous  and  aqueous  humors  of 
the  eye.  It  exists  in  combina- 
tion with  common  salt  (i,  e.  as 
chloro-sodate  of  urea),  in  the 
blood  and  the  vitreous  humor, 
and  partly  so,  also,  in  the  urine. 
{Robin  and  Fer(fei7.)  Urea  does 
not  exist  in  the  muscular  juice, 
{Orohe.)  It  sometimes  exists  in 
milk  {Rees},  and  very  often  in 

ght's  disease  it  is  foand  in  all  the 

,he  saliva. 


Urea  normally  ooostitutes  about  13  parts  in  1,000  of  uiioe. 
{Bir-i.)  Tbe  amount  ia  increased  by  a  uitrogenized  diet,  and  by 
muscular  exercises. 

Origin, — It  is  decided  that  urea  ia  formed  in  tbe  blood,  and  it  is 
doubtless  formed  from  creatine,  uric  acid,  and  probably  inosic  acid 
also,  by  the  action  of  the  alkalies,  and  of  free  oxygen,  (Lehmann.) 
And  aiuce  creatiue  is  produced  by  the  waste  of  muscular  tissue, 
strong  muscular  exercise  increases  the  urea  in  the  urine.  Thus, 
also,  in  delirium  tremens,  and  ali  states  attended  by  intense  musau- 
lar  actions  (convulsions,  &e.\  a  similar  increase  occurs. 

But  urea  probably  also  results  from  the  decomposition  of  any 
tissue  coDtainiog  nitrogen,  and  not  from  that  of  the  muscles  alone. 
Moreover,  if  an  excess  of  nitrogenized  food  is  absorbed  into  the 
blood,  it  is  excreted  in  the  form  of  urea,  this  substance  beiug  tbe 
last  and  lowest  step  in  the  descending  scale  of  the  metamorphosift 
of  the  tissues,  while  tbe  lactic,  uric,  and  oxalic  acids,  creatine,  and 
creatioine  constitute  the  preceding  grades.  The  idea  of  a  "urea 
diathesis"  is  thus  seen  to  be  uu- 
tenable. 


4.  Cystine.  (CaHJ^O.S,.) 
Cyatiue  occurs  in  colorless, 
traDSparent,  bexagoual  plates 
and  prisms  (Fig.  38),  and  only 
in  tbe  urine,  and  in  pathological 
states.  It  is  richer  iasulphur(it 
coDBtitutiug  25  per  cent.)  than 
•ay  other  organic  substance, 
except  taurine.  It  sometimes 
forms  calculi. 

Uolhiug  is  known  of  the  con- 
ditions of  the  formation  of  cys- 
tine in  the  organism. 


THIRD   DIVISION. 

Sugars,  or  Neutral  Non-nitrogenized  Immediate  Prineiples, 

But  two  kinds  of  sugar  are  found  in  animals — -sugar  of  the  liver, 

and  sngar  of  milk.     In  vegetables  there  are  several  kinds; 

grape  sugar,  or  glucose,  has  the  same  composition  as  hepatic  sugar. 


I 


liver,  ^H 

and         ^H 

lugar.        ^M 


70 


IMMEDIATE    PHISCIPLE8    OF   THE    TISSUES. 


I 
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Hence  grape  sugar,  glucose,  hepatic  sugar,  and  diabetic  sugar,  are  all' 
Bynonymous  terms,  and  are  all  expressed  by  tbo  formula  C„H„0„ 
Oane  sugar  ia  C|iII„0„;  and  hence  grape  sugar  is  formed  in  tfaft'l 
organism  (though  in  small  quantity)  from  the  latter,  by  the  additii 
of  three  atoms  of  water  3(110). 

Hepatic  sugar  (or  diabetic)  possesses  great  physiological  imporl 
ance,  and  is  an  immediate  principle  of  the  liver;  and  milk  sugar  ft 
normally  an  element  of  that  fluid.  That  either  results,  howevef 
from  the  dis-assimilation  of  the  organ  producing  it,  ia  scarcely  p 
bable,  though  they  are  included  in  this  class  by  Robin  and  VerdeB 

1.  Ifepatic  Sugar.  ^C,fi^fi^^) 

Sjmoiiynu.'   Diabetic  Sugar;  Qrape  Sagar;  QlootMe. 

Hepatic  sugar  exists  normally  in  the  parenchyma  of  the  liver,  ii 
the  hepatic  veins,  and  the  portion  between  them  and  the  heart,  of 
the  inferior  vena  cava,  in  the  blood  of  the  right  heart  and  the  pul- 
monary artery.  During  fasting,  little  or  none  ia  found  in  the  pul- 
monary veins,  the  left  heart,  antl  the  aorta  and  its  branches ;  but 
during  digestion  it  may  be  found  in  all  these  parts,  in  small  amount, 
and  sometimes  in  the  veins  generally  also.  A  very  little  may  be 
found  in  the  vena  portaa  during  digestion,  but  never  at  any  other 
time,  unless  it  be  introduced  in  the  food ;  though  it  will  still  be 
found  in  the  hepatic  veins.  It  never  exists  in  bile,  in  the  normal 
state. 

It  is  found  from  the  fourth  or  fifth  month  of  intra-uterine  life  ii 
the  most  advanced  age.  The  urine  of  the  fcetus  in  utero  normal 
contains  it,  this  6wid  being  at  that  epoch  iiormally  diabetic. 

In  diabetes,  glucose  exists  in  the  urine,  the  kidney,  the  saliva,  ti 
serosity  of  the  pericardium,  and  that  produced  by  a  blister,  in  tiho~] 
semen  (of  a  dog),  in  matters  vomited,  and  in  the  perspiration.  Others 
add  the  feces  also,'     But  none  ia  found  in  the  brain  or  spinal  cord, 

I  The  ezlBtence  of  the  ;east  fangas  (tarala  oeruvlsln)  in  urine  hu  been  regarded 
U  A  prool  of  the  preBeuce  and  the  rencentiLtioii  of  Bogsr.    (Fig.  39.)     Fungi  ot  » 
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Ae  paoore&3,  nor  the  spleen.  There  is  much  less  sugar  in  reptiles 
tban  in  birds  and  nmmmals,  and  none  at  all  in  the  liver  of  the  ray. 

Glucose  exists  in  a  fluid  state  in  the  blood,  dissolved  directly  in 
water.  The  contact  of  organic  substances  in  that  Guid  rapidly  (in 
twenty-four  hours  or  less)  converts  it,  by  catalysis,  into  lactic  acid. 
In  the  urine  it  normally  combines  with  common  salt,  and  thus  loses 
the  taste  of  sugar.  In  the  liver  of  the  higher  animals  the  sweetish 
taste  is  owing  to  its  presence.  In  some  diseases  no  sugar  at  all  is 
ibrmed  in  the  body  for  a  short  time  before  death.    An  excess  of  it 

one  of  the  signs  of  a  deep  general  lesion. 

Origin. — Normally,  the  grape  sugar  is  formed  in  the  liver,  from 
tiie  principles  of  the  organism  itself.  The  parenchyma,  and  the 
blood  in  the  hepatic  veins,  contain  it,  though  none  exist  in  the  food. 
{BeniarJ.)  But  cane  sugar  also,  entering  the  vena  portse  by  endos- 
mosis  from  the  intestines,  becomes  grape  sugar  in  the  hepatic  veins 
by  fi.xing  three  equivalents  of  water.  Perhaps  the  sugar  of  milk 
is  converted  in  a  similar  manner.  Glucose  itself  also  exists  in  some 
articles  of  food  (in  cooked  starchy  substances,  grapes,  ic.),  and  then, 
of  course,  appears  first  in  the  Wood  of  the  vena  portse;  though  most 
of  such  substances  pass  merely  into  the  state  of  dextrine  (C„H„0,o), 
and  which  probably  becomes  glucose  in  the  liver  by  assuming/owr 
equivalents  of  water. 

The  glucose  actually /ormfti  in  th«  liver  (not  derived  from  food, 
&c.)  is  formed  in  its  jxtrenchyma,  and  not  in  the  blood,'  since  in  ani- 
mals bled  to  death  it  still  remains  in  its  substance.  Anything  in- 
creasing the  activity  of  the  circulation  through  the  liver  increases 
the  quantity  of  sugar,  and  tke  versa.  Ilence,  probably,  the  fact  that 
the  condition  of  the  nervous  system  modifies  the  amount  of  sugar 
(Bernard),  since  this  modifies  the  circulation.  Irritation  of  the  me- 
dulla oblongata,  at  the  origin  of  the  pneumogastric  nerve,  was, 
therefore,  found  by  Bernard  to  increase  the  quantity  of  sugar;  and 


I 


prMtMl;  flimiUr  «h»pe  may,  however,  bo  der^eloped  in  normal  nrine,  attor  staodiDg 
tar  tome  Kma  lit  a  htgh  l^mperHtnre,  and  looiuLimuK  wen  if  the  nriDS  still  pre- 
•errea  xn  Mid  Kaatlun.  But  the;  liAve  generaUy  out;  about  oDe-hnU  tbo  diameter 
of  the  jreut-cells,  and  are  probably  dereloped  from  thu  muvDS.  For  na  iUDBtration 
of  the  fonna  of  TegeUtion  in  nrine,  see  Pigs.  127  and  128. 

'  Dr.C.  Hanfleld  loae»  has  reoeotly  maintained  that  the  Eiigsr  is  formed  b/  the 
rdU  of  Ihe  ll*er,  while  the  bile  I«  »ecret«d  by  the  tpiiktlial  celli  of  the  hepatic 
dilQU  alone.  Neither  of  these  proportiomi,  however,  !s  probnbly  (correct.  See 
■•  UTer,"  Chap.  XIIL 
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irritation  of  its  extremities  in  the  lung,  by  inhalations  of  etber  or 
chlorine,  proiluces  the  same  effect,  by  a  reflex  action  to  the  liver. 
Hence  we  may  infer  that  in  diseasea  of  the  lungs  or  medulla  ob- 
longata, diabetes  might  occur. 

The  changes  necessary  to  convert  the  cane  sugar  and  the  dextrine 
of  the  food  into  glucose  in  the  liver  have  already  been  stated. 
Moreover,  Bernard  has  shown  that  this  change  is  effected  by  the 
pancreatic  juice  in  the  duodenum.  But  all  thus  formed  passes  from 
the  vena  portie  into  the  hepatic  vein,  while  in  the  preceding  circum- 
stances it  is  formed  by  and  in  the  substance  of  the  liver  itself. 

The  glucose  disappears  from  the  blood  by  being  converted,  cata- 
lytically,  into  lactic  acid  (C|^jO,.HO),  which  decomposes  the  car- 
bonates, and  combines  with  their  bases  in  the  blood.  But  they  are 
soon  reconverted  into  carbonates,  and  in  this  form  are  evacuated  in 
the  urine.  If  there  be  an  excess  of  sugar  in  the  blood,  it  will  pass 
off  as  such  in  the  urine,  and  perhaps  also  appear  in  other  secretions 
already  specified. 

2.  Sugar  of  Milh.  (C„n„0„.)  ^ 

jSynonyms.-  Lac  tine  i  Lactose.  ^H 

This  is  found  only  in  milk,  and  in  that  of  all  the  mammalia,  H™ 
exists  only  from  some  point  of  time  after  puberty,  continues  only  a 
few  months  at  a  time,  and  ceases  a  few  months  aller  the  last  preg- 
nancy. In  woman's  milk  it  forms  3.2  to  6.4  per  cent.;  the  colostrum 
containing  even  7  per  cent.  It  diminishes  in  quantity  the  further 
the  date  from  the  previous  delivery;  being  5.5  per  cent,  a  few  days 
after  delivery,  it  had  fallen  to  4.6  per  cent,  five  months  from  this 
time. 

It  becomes  glucose  (as  does  cane  sugar)  in  the  liver,  and  then  is 
finally  converted,  as  before  explained,  into  lactic  acid.'  If  this  latter 
change  occurs  in  the  milk  itself,  it  becomes  acid  spontaneously. 

Origin. — The  parenchyma  of  the  mammary  gland  fabricates  the 
laotine,  as  that  of  the  liver  does  the  glucose ;  from  what  elements  \& 
not  precisely  known.  The  longer  the  milk  remains  in  the  breast, 
the  less  sugar  and  other  solid  principles,  and  the  more  water,  it  con- 
tains. The  kidneys  and  the  lungs  are  merely  eliminalors,  and  not 
fabricators. 

Taken  into  the  stomach  of  the  infant,  the  lactine  may  be  con; 


Four  atoms  of  lactic  a<?ii]  equal  out  of  lactine. 


FATTY  PRISCIPLE8. 


73 


verted  into  glueos*  by  mere  addition  of  water,  or  by  the  action  of 
the  pancreatic  fluid  in  the  duodeamn.  Or  if  not  thus,  this  coo- 
version  occurs  in  the  liver.  Ita  subsequent  disposal  has  already 
been  explained. 


FOUaTH   DIVISION. 
Fatty  Principles  {Fatty  Adda  and  Soapa). 

AH  the  immediate  principles  of  this  class  exist  in  a  JluiJ  state, 
except  that  cholesterine,  margarine,  and  perhaps  stearine,  are  some- 
times, in  morbid  conditions,  found  solid.  They  are  also  composed 
of  carbon,  hydrogen,  and  oxygen  alone,  and  in  definite  proportions, 
and  are  found  in  both  vegetable  and  animal  organisms.  There  is, 
however,  no  proof  that  they  are  the  result  of  dis-assimilalion,  though 
included  in  this  class  by  Robin  and  Yerdeil. 

The  fatty  principles  exist  in  the  tissues  and  fluids  of  the  human 
body  in  three  entirely  difl'erent  conditions: — 

1.  Inclosed  in  cells,  which  constitute  the  fatty  or  adipose  tiasne. 
This  will  be  described  in  connection  with  the  other  tissues. 

2.  They  exist  in  chemical  combination  with  other  elements,  and 
hence  can  be  detected  only  by  chemical  analysis.  This  is  the  case 
with  the  fat  in  the  organic  matter  of  epithelium,  nails,  horn,  and 
hair. 

8.  They  form  minute  oil-drops,  or  "fat- globules,"  without  any  en- 
velop, and  in  this  form  naturally  enter  into  almost  all  the  tissues, 
except  teeth  and  bones,'  and  into  many  of  the  tlaids.     They  are 
very  minute,  though  of  varying  size,  and 
possess  a  high  refractive  power.   (Fig.  40.)  ^8'  *■ 

Thtu  the  fatty  principles  are  completely  iso- 
Iftted  from  all  others,  though  they  exist  with 
others  in  the  same  tissue  or  duid.  Theso 
drops  are,  however,  themselves  alwayB  made 
up  of  several  of  the  fatty  principles  united 
bother,  molecule  to  molecule  ;  and  the 
Mune  is  true  of  the  fat  in  the  cells  of  adi-  ^^^  iobiii*t 

pose  tissue.  The  only  exceptions  are  the 
£aUj  elements  of  the  brain,  cholesterine  in  the  blood,  and  certain 

but  here  it  la  oontamod  in  cells. 


I 


74  IMMEDIATE  PRINCIPLES  OF  THE  TISSUES. 

f&ttj  acids,  each  of  wliicli  may  be  found  in  a  state  of  isolation  from 
other  taXtY  elements. 

Though  sereral  of  the  tissues  contain  the  fat-globules  under  con- 
sideration, thej  are  most  abundant  in  the  corpus  luteum.  They 
also  abound  in  cancerous  (encephaloid),  atheromatous,  and  other 
morbid  growths ;  and  when  they  replace  the  normal  tissues  in  or- 
gans, or  become  abnormally  abundant  in  them,  they  produce  the 
"Catty  degeneration,''  or  Stearosis,  and  in  this  way  may  produce 
fetal  results.  The  organs  most  liable  to  this  change  will  be  speci- 
fied in  the  chapter  on  "Adipose  Tissue." 

The  fat-globules  exist  in  the  fiuid^i  in  a  state  of  suspension  or 
emulsion.  The  smallest  of  all  are  those  of  the  chyle.  They  are 
twice  or  thrice  as  large  in  the  blood  during  digestion^  and  are  still 
larger  in  milk,  constituting  the  cream.  Fat-globules  also  normally 
exist  in  urine,  semen,  prostatic  fluid,  saliva,  nasal  mucus,  synovia, 
and  bile,  and  in  the  serosity  of  the  pleura,  of  the  peritoneum,  and 
that  produced  by  a  blister.  Blood-serum  contains  fat  even  when 
mixed  with  other  fluids  (as  urine),  and  pus  also  contains  it  in 
notable  amount. 

The  fatty  immediate  principles  exist  in  the  ovum,  and  through  life. 
In  the  adult  they  constitute  about  5  per  cent,  or  j^  of  the  weight 
of  the  body.  Of  the  entire  brain,  fat  constitutes  at  least  10  per  cent. ; 
of  the  muscles,  IJ  to  4  per  cent.;  and  of  the  blood,  0.14  to  0.88 
per  cent.  The  globules  alone  of  the  blood  contain  0.881  per  cent; 
the  serum  alone,  0.175 ;  and  the  fibrine  (when  dry),  2.6  per  cent 

Origin, — The  fatty  principles  in  the  body  are  mostly  taken  into 
the  organism,  already  formed,  in  the  food,  and,  being  converted  into 
an  emulsion  in  the  duodenum  and  jejunum  by  the  action  of  the 
pancreatic  fluid  (Bernard)^  are  then  absorbed  mainly  by  the  lacteals, 
and  enter  the  venous  current  from  the  thoracic  duct.  But  it  is  also 
extremely  probable  that  the  fatty  principles  may  be,  to  some  extent, 
formed  in  the  human  organism ;  and  Liebig's  idea  that  they  are 
formed  in  the  alimentary  canal,  from  the  metamorphosis  of  certain 
nitrogenized  elements  in  our  food,  is  the  most  plausible.  At  least, 
the  amount  of  fat  in  the  blood  does  not  vary  much,  whether  the  food 
contains  very  much  fat,  or  is  deficient  in  it  {BoussingauU)]  and  both 
the  amylaceous  and  the  nitrogenized  compounds  in  our  food  cer- 
tainly afford  the  elements  for  the  formation  of  the  fatty  principles. 
The  fact  sometimes  cited  to  prove  that  carnivorous  animals  form 
fat  within  their  own  organisms — viz.,  that  their  milk  contains  fat — 
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proves  nothing,  eince  most  of  the  tissaea  of  the  aninials  on  which 
they  prey  also  codtaiu  it. 

It  is  alao  very  certain  that  the  human  liver  has  the  power  to_/orm 
&t  directly,  to  some  extent,  as  well  as  BUgar  (p.  71).  It  is  not, 
however,  probable  that  the  adipose  tissue  is  nourished  by  fat  formed 
elsewhere  in  the  organism,  but  that  the  fatty  materials  for  its  nutri- 
tion are  contained  in  the  food,  or,  in  default  thereof,  may  be  elabo- 
rated by  the  fat-cells  themselves  out  of  the  other  elements  brought 
to  them  in  the  blood.  But  that  almost  all  the  fatty  principles  in  the 
body  are,  under  all  ordinary  circumstances,  introduced  in  the  food, 
hardly  admits  of  a  reasonable  doubt. 

Of  the  fatty  principles  which  enter  the  blood,  a  portion  is  appro- 
priated to  the  nutrition  of  the  adipose  tissue,  and  others  normally 
ioclositig  "fat-globules,"  and  for  the  secretions  which  contain  the 
latter;  the  remainder  is  burned  up  by  combination  with  oxygen  to 
maintain  the  animal  heat,  and  leaves  the  body  in  the  form  of  car- 
bonic acid  and  water. 

Though  the  fatty  principles  possess  great  physiological  import- 
ance, only  oleine,  margarine,  and  stearine  are  especially  important 
to  the  histologist.  These,  therefore,  and  cholesterine,  will  alone  be 
here  considered.  "Seroline"  baa  been  shown  by  Lehmann  to  con- 
mst  of  the  orystallizable  parts  of  several  fats  blended  together. 

1.  ChoJealerine.  (C„n„0.) 

Cholesterine  (or  bile-fat)  crystallizes  in  very  thin  rhombic  tablets. 

(Fig.  41.)    It  is  normally  dissolved  in  the  bile,  and  is  found  in  the 


blood,  bile,  liver,  brain,  nerves, 
fbces,  cerumen,  the  crystalline 
lens,  and  in  many  pathological 
productions.  Gall-stones  are 
composed  almost  entirely  of  it. 
The  blood  contains  about  .088 
parts  of  cholesterine  in  1,000. 
It  increases  in  old  age,  and  in 
meet  acute  diseases;  especially 
in  inflammations,  and  in  icterus. 
It  also  occurs  in  pus,  and  often 
in  dropsical  transudations,  creta- 
ceous tubercles,  old  echinococ- 
cns  cysts,  encysted  tumors,  de- 


Pig.  41. 


lUlMI  of  ihokataria*. 
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ovaries  and  testes,  and  carcinomatous  growths.     It  1 
not,  thus  far,  been  found  in  the  urine. 

Cbolesterine  is  found  only  in  animals,  and  must  be  fornied  in  the 
organism — by  the  liver,  probably.  It  is  not,  however,  known  fiom 
what  elements  it  is  formed,  nor  what  office  it  performs  in  the  organ- 
ism ;  nor  bow  it  makes  its  exit  therefrom,  except  so  far  as  it  is  con- 
tained in  the  feces.  It  is,  however,  to  be  regarded  as  an  excre- 
mentitious  product,  and  probably  is  a  result  of  dia-assimilation  of 
the  liver  itself. 


2.  Ohine,  Margarine,  and  Stearine. 
These  three  immediate  principles  are  combined  together  to 


the  contents  of  the  cells  of  adipose  tissue,  and  the  fat-globules  in 
various  tissues  and  Quids.  Each  of  them  is  composed  of  a  fatty 
acid  in  combination  with  a  compound  radical — the  oxide  of  lipyl 
(GjHjO.)     From  the  latter  glycerine  is  formed, 

1,  Oieim  (Cj(,Hj,Oj)  is  compounded  of  the  oxide  just  mentioned 
and  oleic  acid,  (G3gHjjOj.HO,)  It  is,  therefore,  the  oleate  of  the 
oxide  of  lipyl.  When  isolateti,  it  maintains  its  fluidity  at  any  tem- 
perature above  zero  of  Fahrenheit,  and  in  it  are  the  margarioe  and 
stearine  in  tbe  tissues,  dissolved, 

2,  Margarine  is  a  compound  of  margaric  acid  (C„H^Oj.HO)  with 
the  oxide  of  lipyl,  or  is  a  margarate  of  this  oxide.  It  becomes 
solid  at  a  temperature  of  lltj"  Fahr.  It  forms  a  much  greater  pro- 
portion of  human  fat  than  oleine. 

3,  Stearine  exists  in  human  fat,  but  in  very  small  quantity.  It  is 
a  compound  of  stearic  acid  (Cg,H„0y2H0)  and  the  oxide  of  lipyl, 
Snd  is  the  stearate  of  this  oxide.  Stearine  does  not  exist  in  vege- 
tables, but  is  the  main  constituent  of  all  solid  animal  fats,  as  sperma- 
ceti, suet,  and  tallow. 

Butter  contains  margarine  and  oleine,  but  no  stearine.  The  last 
may,  however,  be  formed  in  the  organism  from  the  other  two  prin- 
ciples. In  a  dog  taking  butter  alone  for  sixty-eight  days,  the  liver 
contained  a  large  quantity  of  stearine,  and  very  httle  if  any  oleine. 
(Magetidie.)  It  will  be  seen  that  two  equivalents  of  margarine  pre- 
f  correspond  to  one  of  stearine,  with  the  addition  of  one  atom 
of  oxygen.  These  three  principles  togetber  will  not,  however,  by 
themselves  nourish  an  animal,  while  adipose  (issue  will  do  so  for  a 
time. 

Soaps  are  formed  by  boiling  either  margarine  or  oleine  with 
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potassa  or  soda.  Some  of  the  fatty  principles  are,  however,  not 
thus  decomposed  by  alkalies,  nor  by  the  oxide  of  lead,  and  are, 
therefore,  called  nori'Saponifiable  &ts.  Cholesterine  and  seroline  are 
of  this  class. 

It  is  probable  that  potassa  decomposes  fat  in  the  body  as  well  as 
oat  of  it ;  hence  the  liquor  potass»  is  the  most  reliable  remedy  for 
excessive  corpulence.^ 

Uses  of  the  Fatty  Principles  in  the  Organism. — These  have  been 
generally  stated  on  a  previous  page  (p.  75).  Certain  ftirther  par- 
ticulars should  find  a  place  here. 

1.  The  use  of  fat  in  the  adipose  tissue^  or  rather  of  adipose  tissue 
itself,  will  be  specified  further  on. 

2.  The  &t  in  the  blood  is  partly  appropriated  to  the  nutrition  of 
the  adipose  tissue,  and  partly  appears  in  the  form  of  "oil-drops"  in 
the  tissues  and  in  several  secretions  (p.  76).  A  portion  also  enters 
into  organic  combination  in  the  structure  of  the  brain;  and,  finally, 
the  overplus  of  the  tsX  is  burned  up,  and  thus  becomes  a  calorific 
material,  being  converted  into  carbonic  acid  gas  and  water,  and  thus 
leaving  the  body. 

But  it  is  also  quite  probable  that  the  bile  is  formed,  in  part  at 
least,  from  the  taX  in  the  blood.  Lehmann,  however,  considers  it 
doubtful  if  the  cholesterine  is  derived  from  this  source.  But  the 
blood  of  the  vena  portse  contains  more  fat  than  that  of  any  other 
bloodvessel  in  the  body ;  besides,  it  is  of  a  darker  brown  color,  con- 
tains more  oleine,  and  is  therefore  more  greasy  than  the  fat  in  other 
veins.  The  fkct  that  there  is  much  less  fat  in  the  hepatic  veins 
points  to  the  inference  that  the  bile  is  formed  in  part  from  that  in 
the  vena  portae ;  and  this  is  confirmed  by  the  fact— ^rs^,  that  the 
secretion  of  bile  continues  free  during  starvation,  and  while  ema- 
ciation is  progressing ;  secondly^  that  the  blood  contains  more  fat  in 
icterus  than  in  any  other  disease ;  and,  thirdly^  that  a  disease  of  the 
liver  producing  diminished  secretion  of  bile  also  produces  obesity, 
as  that  occurring  in  drunkards  from  nutmeg  liver  and  other  diseases 
of  that  organ.  In  acute  diseases,  also,  emaciation  first  becomes  mani- 
fest in  connection  with  a  free  discharge  of  bUe  from  the  alimentary 
canaL  (Ldimann) 

Lehmann  expresses  the  opinion  that  fat  also  co-operates  in  the 
formation  of  the  blood-pigment,  or  hsematine. 

'  8«e  the  chapter  on  *' Adipose  TiMue.*' 
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It  is  an  interesting  fact  that  in  tuberculosis  the  saponified  fats  are 
far  more  diminished  in  the  blood  than  in  any  other  fluid.  {Becquerel 
and  BocHer.)  Solid  tubercle  itself  also  contains  but  little  &t ;  and 
it  is  not  an  unphilosophical  idea  that  the  principal  predisposing 
cause  of  tuberculosis  is  this  same  diminution  of  fat  in  the  blood, 
and  that  it  is  for  this  reason  that  fatty  compounds — and,  above  all, 
cod-liver  oil — are  found  so  efiicient  to  prevent  or  arrest  it. 

3.  Why  fat  exists  in  some  of  the  secretions — as  semen,  mucus, 
&c. — is  not  understood.  Of  pus,  Guterbock  found  fet  sometimes  to 
constitute  even  5  per  cent. ;  about  3 J  per  cent  being  contained  in 
the  corpuscles.  But  it  follows  that  an  excessive  secretion  of  these 
fluids  must  produce  emaciation,  as  results  from  profuse  suppuration 
and  from  venereal  excesses. 

The  fat  in  milk  is  essential  to  the  development  of  the  young 
mammal.  It  constitutes  2|  to  4  per  cent  of  woman's  milk,  and 
exists  both  within  cells  and  in  the  form  of  oil-drops.  In  the  colos- 
trum it  forms  the  peculiar  granular  cells,  or  "colostrum-corpuscles;'' 
and  which,  being  also  seen  in  inflammatory  exudations,  in  die  sputa 
of  chronic  catarrh,  in  old  apoplectic  cysts,  &C.,  have  been  termed 
"glomeruli"  and  "inflammation-globules."  (Fig.  42.)    Not  a  single 

primordial   cell,   indeed,   can    be 

formed  in  the  embryo  without  fat 

j^  ^      as  one  of  the  elements  of  its  com- 

•^^j^'"    P^^^**^^^'      Hence  plastic   exuda- 
*»^H^«o      tions,  also,  must  always  contain 
oiomeruiiand^gr«.^auiu^  fat,  and  its  cutirc  abscuce  would 

alone  render  an  exudation  non- 
plastic.  In  inflammatory  exudations,  fat  is  usually  more  abundant 
than  in  the  liquor  sanguinis. 

4.  Fat  is  present  in  other  tissues  than  the  adipose,  in  the  form  of 
oil-drops,  mainly  for  a  mechanical  purpose,  it  would  seem ;  but 
when  it  becomes  excessive  in  amount,  a  pathological  state — stearo- 
sis — ensues. 

5.  The  uses  of  fat  in  the  food  are,  in  great  part,  to  be  directly 
inferred  from  the  preceding  remarks ;  but  it  is  also  known  that  fat, 
in  combination  with  the  albuminous  elements  (albumen,  caseine, 
fibrine,  &c.)  of  our  food,  renders  the  latter  more  easy  of  digestion. 
{Lehmann  and  Elsdsser).  The  presence  of  fat  is  also  necessary  to 
enable  albuminous  matters  to  act  as  ferments.  {Lehmann)  Besides, 
fat  is  indispensable  for  the  original  development  of  all  the  tissues, 
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since  all  tbe  nuclei  of  the  primordial  cells  contain  fat-granules. 
Cell-growth,  therefore,  bears  some  proportion  to  the  amount  of  fat 
assimilated;  and  even  pathological  formations  of  rapid  growth 
abound  both  in  cells  and  in  fat — e.  g,  encephaloid. 

Remarks. — 1.  From  the  fact  that  so  large  an  amount  of  fat — one- 
tenth  part — enters  into  the  composition  of  the  brain,  the  general 
emaciation  which  ensues  from  long-continued  intellectual  effort  may 
be  explained;  for  fat  is  here  so  indispensable  that  the  nervous 
centre  will  draw  upon  the  other  tissues  and  organs  when  its  own 
supply  is  exhausted ;  and  in  cases  of  fatal  emaciation,  death  always 
occurs  before  the  fat  is  notably  diminished  in  the  brain  and  the 
spinal  cord.  The  fact  that  excessive  activity  of  the  brain  also  pro- 
duces an  abundant  deposit  of  phosphates  in  the  urine,  is  explained 
by  the  rfw-assimilation  of  the  phosphorus  which  so  abounds  in  that 
organ  (p.  36),  and  which  thus  passes  into  phosphoric  acid,  and  then 
unites  with  the  alkaline  and  earthy  bases. 

2.  Cod-liver  ail  is  a  kind  of  fat  which,  ^r^^,  aids  in  the  digestion 
of  the  albuminous  elements  of  the  food ;  and,  secondly^  is  also  found 
experimentally  to  be  itself  easily  assimilated  in  parts  requiring  fat 
for  their  nutrition.  It  is,  therefore,  of  great  value  in  cases  of  actual 
or  threatened  emaciation,  from  any  cause.  Any  effect  of  this  sub- 
stance, further  than  that  of  protecting  the  various  organs  from  the 
impending  loss  of  their  fat,  and  thus  maintaining  the  strength  (by 
protecting  the  muscles,  especially),  is  merely  theoretical.  In  a 
word,  it  contributes  to  a  more  perfect  nutrition  in  the  two  ways 
just  explained,  and  thus,  in  case  of  prolonged  disease,  sustains  the 
strength  until  perhaps  the  morbid  process  exhausts  itself.  Thus  it 
acts  in  tuberculosis,  it  is  believed,  and  thus  alone.  Being  mere 
food,  therefore,  and  not  medicine,  it  should  be  given  with  other 
food,  as  a  general  rule,  and  not  between  the  meals,  as  is  often  re- 
commended. If  it  disagrees  with  the  stomach,  the  addition  of  an 
alkali  may  remove  this  objection,  it  probably  aiding  the  pancreatic 
fluid  in  converting  the  oil  into  an  emulsion  fit  for  absorption  by 
the  lacteals. 

If  it  be  inquired  why  other  oils  of  similar  composition  are  not 
equally  valuable  in  cases  in  which  this  succeeds,  it  can  only  be  re- 
plied that  the  fact  has  been  demonstrated  by  direct  experiment,  and 
experimentation  settles  everything  in  therapeutics.  But  there  is  no 
better  reason  for  adding  the  phosphate  of  lime  to  the  cod-liver  oil 
(a  fashionable  combination  of  late),  than  there  is  for  the  carbonate 
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of  lime  and  other  salts  ■which,  have  been  spoken  of  as  irnmeiliate 
principles;  unless  a  dimiaished  amount  of  the  phosphate  of  lime  is 
taken  in  the  food,  or  the  bones,  especially,  need  an  increased  amouot 
of  it — as  in  rachitis  and  malacosteon. 


Second  Group. 


CLASS  THIRD. 


eased  amount  ^^ 


I 


OKQANIC  SUBSTANCES,  OR  COAQOLABLE  PRINCIPLES. 

The  organic  immediate  principles  constitute  the  greater  part  of 
the  mass  of  the  organism;  those  of  the  first  class  entering  it  in 
smaller,  and  those  of  the  second  in  very  small  proportion.  These 
are  all  nitrogenized  compounds,  or  compounds  of  carbon,  hydrogen, 
oxygen,  attd  nitrogen,  and  all  of  neutral  reaction. 

It  is,  however,  a  peculiarity  of  this  class  of  principles  that  they 
have  not  a  definite  chemical  comjposititm,  as  is  the  case  with  the  other 
classes.  It  ia,  indeed,  constantly  varying,  though  within  certain 
rather  narrow  limits,  the  variation  rarely  exceeding  1  per  cent,  in 
respect  to  either  of  the  chemical  elements  entering  into  their  com- 
position. It  follows,  of  course,  that  the  combinations  of  these  prin- 
ciples with  other  substances  (as  acids,  alkalies,  &c.)  cannot  be  definite 
and  uniform  compounds;  e.j.  sulphate  of  copper  and  albumen  being 
mixed,  the  salt  is  decomposed,  and  its  two  elements  combine  with 
the  albumen ;  yet  the  result  is  neither  sulphate  of  albumen,  nor 
albuminate  of  copper,  in  definite  proportious.'  {Robin  and  Verdetl.) 

If,  therefore,  albumen,  fibrine,  &c.,  are  constantly  varying  in  theii 
own  precise  composition,  much  less  is  it  true  that  these  two  sub- 
stances are  always  identical  in  composition.  And  yet  two  analyses 
of  them  (e.  g.  of  fibrine)  may  not  be  more  nearly  identical  in  their 
results  than  an  analysis  of  the  former  as  compared  with  one  of  the 
latter. 

Most  of  the  earthy  salts — phosphates,  carbonates,  oxalates,  ailex, 
and  the  silicates — unite  with  these  substances;  henoe,  whenever 
concretions  are  formed  by  the  former,  a  certain  quantity  of  the 
organic  substaucea  is  fixed  and  retained  in  them.  This  union  is, 
however,  more  feeble  than  that  with  the  metallic  salts,  and  henca  ia 


'  Qenca  th«  difficult;  of  diatiugniEbing  theae  principlas  from  each  other  bj  I] 
tauiUaiu  of  merooij,  Un,  oopper,  ka. 
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constantly  overcome  and  renewed  id  the  act  of  assiniilatioa  and 
d is- assimilation.  It  is  from  the  more  intense  union  of  tbe  latter 
with  organic  matters  that  decomposition  alter  death  is  prevented 
by  some  of  them,  since  thus  these  matters  are  hardened  and  cod- 
tmcted.  Thus,  also,  these  salts  become  tbe  poisons  called  metallic, 
08  those  of  arsenic,  mercury,  &a. 

Some  of  these  principles  (albumen,  caseine,  and  fibrine)  are  in  a 
fluid  state  in  tbe  human  body;  tbe  rest  are  in  a  demi-solid  or  a 
solid  Btste.  All  these  may  be  reduced  to  a  more  solid  state  by  eva- 
poration of  the  water  which  forms  a  part  of  their  chemical  consti- 
tution, and  which  may  be  again  recombined  if  they  are  plunged 
into  this  fluid.  Meantime,  however,  the  tissues  containing  these 
substances  cease  to  perform  their  functions ;  and  if  too  long  dried, 
or  too  completely  so,  the  readdition  of  water  does  not  restore  the 
lost  power.  Thus  these  are  not  solid  substances  in  a  state  of  solu- 
tion, but  the  water  is  a  part  of  their  chemical  constitution. 

Coagulation  is  also  merely  the  pasaage  of  a  liquid  or  semi-lu/uid 
eubelance  into  a  solid  state,  and  not  the  return  of  a  substance  in 
solution  to  its  primitive  solid  state;  and  tbe  organic  substances 
ftlone  coagulate.  When  coagulated,  they  still  retain  their  ivater  of 
Oirntituiion,  still  united,  molecule  to  molecule,  in  the  organic  matter, 
as  before. 

The  vuUeriala  for  the  forraatioa  of  these  principles  arrive  in  the 
organism  already  formed  io  the  food  {e.  g.  albumen,  fibrine,  &c.), 
whether  obtained  from  other  animals  or  from  vegetables ;  and  which, 
undergoing  digestion,  afibrds  the  elements  for  their  formation  in  the 
human  body.  But  the  formation  occurs  in  the  organism  ilaeli".  It 
has  been  suggested  that  those  principles  existing  in  the  blood,  espe- 
cially albumen  and  fibrine,  may  have  been  formed  from  the  same 
ill  the  food,  from  the  occurrence  of  merely  isomeric  changes  in  the 
Iflttdr.  This  is,  however,  improbable,  so  far  as  the  fibrine  is  con- 
<.-erned,  as  will  appear  in  a  subsequent  part  of  this  work. 

Though  these  principles  constitute  a  great  part  of  tbe  mass  of 
th'!  human  body,  the  weight  of  other  principles  is,  in  certain  organs, 
greater  than  of  these;  e.g.  the  phosphate  of  lime  in  bones  and  teeth, 
as  compared  with  the  osteine. 

Of  the  organic  principles,  osteine  and  elasticine  are  not  found 
isarly  in  embryonic  life;  and  caseine,  being  an  element  of  milk,  is 
found  only  in  the  female,  and  after  puberty. 

It  is  probable  that  neither  of  these  principles  can  be  directly 
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trauaformed  in  the  organism  into  another,  except,  perhaps,  tbat  the 
albuminoae  of  the  blood  may  be  transformed  into  albiimeo.  It 
appears,  however,  that  either  of  the  organic  principles  taken  in  our 
food,  and  subsequently  changed  by  the  digestive  process,  may  afford 
the  matenah  out  of  which  the  same,  or  perhaps  several  others  of 
the  organic  substances,  may  be  formed  in  the  organism  by  the  assi- 
milative endowments  of  its  respective  parts  and  organs.  Still  les* 
can  any  tisane  once  formed  be  directly  transformed  into  another,  as 
cartilage  into  bone,  &c.  Whenever  this  appears  to  be  the  case,  the 
former  tissue  is,  in  fact,  replaced  by  the  latter. 

All  these  substances  are  assimilable;  i.  e.  they  do  not  appear  in 
the  urine'  if  admitted  into  the  blood  from  the  alimentary  canal  or 
otherwise,  in  proper  quantity,  but  disappear  entirely  from  the  blood, 
and  become  associated  with  the  tissues.  Even  the  organic  substance 
of  bone  (osteine),  so  long  as  it  is  associated  with  the  phospbate  of 
lime,  will  sustain  an  animal.  {Magendie)  The  fluid  obtained  by 
prolonged  boiling  of  bone  is,  however,  not  capable  of  sustaining 
animal  life  for  a  long  time,  for  thus  the  osteine  is  converted  into 
gelatine,  which  is  not  assimilated,  but  appears  in  the  urine. 

But  none  of  these  organic  substances,  taken  alone,  can  long  sus- 
tain life ;  the  principles  of  the  first  and  second  classes  must  be 
added,  as  mere  accessories,  but,  at  the  same  time,  indispensable.  In 
muscle,  for  instance,  the  musculine  is  united,  though  feebly,  with 
creatine  and  creatinine,  besides  the  water  and  the  salts.  Nor  can 
any  principle  aloue  (not  even  the  organic  substances)  form  a  sub- 
stance manifesting  a  single  vital  property.  If  the  fibrine  of  the 
blood  sometimes  appears  to  do  so,  it  is  because  the  blood  contains 
the  principles  of  all  three  classes;  for  fibrine  alone,  though  it  maj 
form  a  false  membrane  (falsely  so  called),  can  never  become  vas- 
cular. 

Thus  we  must  distinguish  between  the  organic  principles  on  the 
one  hand,  and  the  anatomical,  or  rather  histological,  elements  of  the 
organism  on  the  other.  The  former  have  do  proper  form.  The 
latter  present  the  form  of  membrane,  fibres,  cells,  ic.,and  are 
constituted  of  a  single  substance  alone.  The  simple  cell  or  mem- 
brane contains  principles  of  all  the  three  kinds,  water  always  exist- 
ing in  greater  or  less  abundance,  besides  salts  and  other  compounds. 


'  Id  diaeBaed  oouditioiia  tif  ths  kidnejs,  albumon  n 
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Chemistry  alone,  then,  does  not  give  a  just  idea  of  the  organic  sub- 
stances; their  examination  is  a  part  of  anatomy.  ''It  is  not  carbon, 
hydrogen,  oxygen,  and  nitrogen  which  directly  form  the  organized 
substance,  but  bodies  composed  of  these,  which  act  directly,  and 
which  naturally  arrange  themselves  in  three  distinct  classes."  {Bo- 
bin  and  VerdeiL) 

The  organic  substances  leave  the  body  after  (2t9-assimilation,  in 
the  form  of  lactic  and  uric  acid,  urea,  carbonic  acid,  water,  &c. 
Creatine  may  pass  into  creatinine,  and  subsequently  into  urea,  and 
then  appear  in  the  urine,  it  being  principally  derived  from  the  dis- 
aasimilation  of  musculine.  Albumen  and  gelatine  may  also  pass 
into  leucine,  the  gelatine  being  derived  from  the  dis-assimilation  of 
the  osteine  in  bone  and  white  fibrous  tissue,  as  before  stated. 

ClassiJUxUion  of  the  Organic  Lnmediate  Principles, 

The  organic  substances  are  eighteen  in  number,  the  first  two 
divisions  of  them  constituting  the  "albuminous  compounds."  Al- 
bumen, caseine,  and  fibrine  have  recently  been  termed  the  "proteine 
compounds,"  since  a  compound  called  proteine,  and  represented  by 
the  formula  C35H^Np,,,+2HO  {Mulder),  is  obtainable  from  them 
all,  and  which  has  been  assumed  to  be  their  compound  radical. 

Proteine  does  not,  however,  exist  in  nature.  It  is  obtained  only 
by  the  destructive  decomposition  of  these  substances,  and,  therefore, 
however  convenient  to  the  chemist,  it  has  no  interest  in  histology. 
Two  oxides  of  proteine  are  said  to  exist  in  the  blood — the  binoxide 
and  the  tritoxide;  the  latter  during  inflammations  more  especially. 
What  their  relations  to  the  tissues  are,  is,  however,  unknown. 

Nor  do  we  admit  the  "gelatinous  compounds"  hitherto  described. 
Gelatine  (or  glutin)  and  chondrine  do  not  exist  naturally  in  the 
human  body,  but  are  formed  from  osteine  and  cartilageine  respect- 
ively, by  chemical  agency,  as  wiU  be  explained  in  the  description 
of  these  two  organic  substances. 

FIRST   DIVISION. 

Those  Naturally  in  a  Fluid  Slate. 

Of  these  seven  substances,  pancreatine,  mucosine,  and  ptyaline 
have  no  special  importance  in  histology,  but  will  be  again  alluded 
to  in  the  part  describing  the  fluids  in  the  human  body. 

Pancreatine  is  found  only  in  the  pancreatic  fluid. 

Ptyaline  is  found  only  in  saliva. 
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Mucosine  is  found  ia  mucus.  Three  kinds,  at  least,  may  be  speci- 
fied ;  and  Robin  and  Verdeil  mention  five.  1.  From  the  mucous 
membrane  of  the  nares  and  bronchial  tubes,  large  intestine,  and  the 
interior  of  the  uterus.  2,  From  the  neck  of  the  uterus.  Ji,  In  the 
urine. 

The  remaining  four  substances  are,  however,  of  paratnount  im- 
portance in  histology,  aud  will  be  particularly  considered.  They 
are  albumen,  caseine,  albuminose,  and  fibrine;  the  first  three  of 
which  may  be  termed  the  "nitrogenized  histogenetic  subBtances." 
(Lehmann)  ^^| 

1.  Alhumen.  ^^| 

Albumen  is  found  in  the  serum  of  the  blood  (seralbumen),  in  the 
chyle  and  lymph,  in  all  the  serous  secretions,  the  lirjuor  aranii,  and 
ihe  aqueous  and  vitreous  humor  of  the  eye.  Of  the  blood  it  consti- 
tutes 63  to  70  parts  in  1,000;  of  the  chyle,  SO  to  60 ;  and  of  lymph, 
only  4.3i  parts.  It  exists  in  the  blood  in  connection  with  soda, 
which  ia  supposed  by  some  authors  to  keep  it  in  its  fluid  state.  The 
latter  is,  however,  the  natural  state  of  this  immediate  principle. 
{Robin  and  Verdeil) 

Albumen  coagulates  at  a  temperature  of  145°  to  150°  (Fahren- 
heit). If  in  very  dilute  solution,  however,  a  boiling  heat  may  be 
required  to  solidify  it.  It  is  also  precipitated  from  a  solution,  in  a 
solid  form  by  the  tannic,  nitric,  and  all  the  mineral  acids,  except  the 
phosphoric.  The  last,  and  all  the  vegetable  acids,  except  the  tannic, 
even  dissolve  solid  albumen.  With  the  former  class  of  acids,  and 
with  metallic  oxides,  the  albumen  unites  as  a  base,  and  forms  a  ni- 
trate, tannate,  &c.,  of  albumen,  though  of  varying  composition. 

But  albumen  also  combines  with  alkalies  and  alkaline  carbonates 
as  an  acid ;  these  compounds  (albuminate  of  soda,  &g.)  being  soluble 
in  water.  The  neutral  albuminate  of  soda  exists  normally  in  the 
blood  of  the  hepatic  and  splenic  veins ;  the  basic  in  all  the  other 
vessels, 

With  most  of  the  metallic  salts  (acetate  and  other  salts  of  lead, 
the  salts  of  mercury,  &c.)  albumen  forms  insoluble  compounds. 

It  is  coagulated  by  the  ferrocyanide  of  potassium,  by  alcohol,  and 
by  creasote.     The  last  acts  by  catalysis. 

Seralbumen  contains  2  per  cent,  of  phosphate  of  lime,  besides 
alkaline  and  earthy  sulphates  and  phosphates,  and  chloride  of  so- 
dium.    Ovalbumen  is  the  form  of  albumen  found  in  eggs.     Of  the 


whit©  of  egp  it  constituteB  from  12.0  to  13.8  per  cent.  It  differs 
slightly  in  chemical  compositioii  from  aeralbumen. 

Albumen  is  said  to  exist  in  a,  solid  form  in  the  spinal  cord,  the 
brain,  the  nerves,  and  probably  in  eeveral  other  organs  also ;  but, 
since  it  is  impossible  to  distinguish  coagulated  albumen  from  congu- 
lat«d  fibrine  in  the  tissues,  this  assertion  must  be  received  with  some 
reservations.  It  is  impossible  to  decide  whether  it  is  coagulated 
albumen  or  coagulated  tlbrine  that  exists  in  tubercle  and  scirrhus. 
(Lehmann.)  The  phosphate  of  lime  in  the  bones  is  generally  said 
to  be  obtained  from  the  albumen  of  the  blood-serum. 

As  albumen  has  not  a  definite  chemical  composition,  its  com- 
pounds necessarily  have  not.  It,  however,  combines  in  large  pro- 
portional amount  with  the  substances  previously  mentioned,  the 
combining  number  of  seralbumen  being  over  22, '200,  [MiiUler.) 
That  of  soda  is  only  31. S.  Seralbumen,  however,  differs  in  differ- 
ent persons.  Sulphnr  and  phosphorus  are  always  found  in  connec- 
tion with  it. 

Origin  of  Albumen  m  ike  Organism. — The  albumen  in  all  the 
tissues,  and  all  the  fluids  (except  chyle),  is,  of  course,  derived  from 
the  blood.  Most  of  that  in  the  blood  (except  what  enters  from  the 
lymph  and  chyle)  probably  enters  it  in  the  form  of  albumivose  from 
llie  alimentary  canal;  and  it  is  not  certain  that  it  can,  in  entire  de- 
fault of  the  latter,  be  formed  at  all  in  the  organism  itself  Such  a 
formation,  to  some  extent,  even  from  the  non-uitrogenized  elements 
of  the  food,  is  not,  however,  improbable. 

The  albuminose,  from  which  the  albumen  in  the  blood  ia  directly 
formed,  is  produced  by  the  digestion  (principally  by  the  action  of 
the  pancreatic  fiuid),  of  either  or  all  of  the  albuminous  immediate 
principles  in  the  food,  or  of  either  or  all  of  the  deniisolid  organic 
substances  next  to  be  considered  (mnscnline,  osteine,  iic).  The 
albuminous  elements  of  food,  however,  which  are  now  under  con- 
sideration, may  be  derived  from  the  vegetable  or  the  animal  king- 
dom; tlie  demisolid  immediate  principles  are,  of  course,  derived 
firom  animal  food  alone. 

Utea  of  Albumen. — Albumen  exists  in  the  chyle  and  lymph,  as 
preparatory  to  entering  the  blood.  To  the  various  secretions  in 
which  it  normally  exists  it  imparts  a  certain  degree  of  lubricity. 
In  the  fluids  of  the  eye  it  becomes,  in  connection  with  other  imme- 
diate principles,  a  refracting  medium. 

Of  the  albumen  in  the  hhod,  a  part  is,  of  course,  separated  in  the 
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secretions  before  specified.  From  the  rest — and  this  is  its  most  ha- 
portaot  use— the  various  tissues  are  mainly,  if  not  entirely,  deve- 
loped and  nourished.  It  ia,  therefore,  emphatically  the  pabulum  of 
the  tissues,'  aud  in  them  becomes  musculine,  oateine,  cartilageine, 
&c.,  as  it  is  assimilated,  in  the  process  of  nutrition,  to  the  pecuhar 
organic  matter  of  muscle,  bone,  cartilage,  and  the  other  tissues. 
From  it,  also,  the  fibrine  of  the  blood  ia  probably  formed. 

Albumen,  therefore,  leaves  the  organism — 1.  In  the  secretions 
specified.  2.  In  the  effete  matters  resulting  from  the  metamorphoBifi 
of  the  tiasuea  to  which  it  has  been  assimilated ;  e.  g.  in  the  form  of 
creatine,  creatinine,  urea,  uric  acid,  he. 

Remarks. — 1.  Albumen  is  detected,  if  present,  in  urine  by  heat 
and  nitric  acid.  (See  fourth  paragraph,  p.  84.) 

2,  Styptics  act  by  coagulating  albumen — as  tannic  acid,  acetate 
of  lead,  sulphate  of  copper,  &c, ;  all  these  being  also  astringents. 
{§  4.)    T^is  fibrine  of  the  blood  coagulates  spontaneously  on  leaving 


S.  The  brain  and  spinal  cord  are  hardened  after  death,  by  alco- 
hol, creasote,  nitric  acid,  &g.  Hence  these  fluids  are  used  in  pre- 
serving anatomical  specimens.   (§  7,  p.  84.) 

4.  A  solution  of  acetate  of  lead,  applied  to  an  ulcer  of  the  cornea, 
may  produce  a  permanent  opacity.  (§  6.) 

5.  Albumen  is  an  antidote  to  corrosive  sublimate;  the  white  of 
one  egg  neutralizing  four  grains  of  this  poison. — Peschier.  (§  6.) 

6.  The  sulphur  combined  with  albumen  is  in  an  unoxidized 
state.  Hence  a  boiled  egg  blackens  silver,  a  sulphuret  of  silver 
being  formed.  Pna  often  blackens  a  silver  probe  for  a  similar 
reason. 

7.  Do  the  nitric  and  sulphuric  acids  check  the  discharges  in  diar- 
rhoea and  cholera,  by  coagulating  albumen? 

Pathological  Relations. — In  pathological  states  of  the  secreting  or- 
gans, albumen  may  exist  in  almost  any  secretion,  as  saliva,  gastric 
fluid,  bile,  mucus,  &c.  Mucous  membranes  may  appear  to  secrete 
albumen  in  addition  to  the  ordinary  mucous  corpuscles,  when  abnor- 
mally excited.  i^Jul.  Vogel.)  But,  in  all  these  cases,  transudation,  in 
addition  to  secretion,  has  occurred.  Hence  the  presence  of  albumen 
in  a  fluid  resembling  pus  ia  no  evidence  of  true  pus,  or  that  it  pro- 
ceeded from  a  granulating  surface. 

s  iBBflrtion,  BBo  chHpler  on  the  "  Histologioa!  Helotiona  oT 
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Allmmen  may  appear  in  the  urine  in  a  variety  of  pathological 
states,  tbough  formerly  supposed  to  be  pathoguomonic  of  Bright'a 
diseaac  of  the  kidney.  It  may  occur  in  acute  as  well  as  cliroaic 
affectione  of  the  kidney.  It  also  not  seldom  appears  for  a  short 
rimo  in  many  acute  and  chronic  diseases  not  connected  with  renal 
auctions,  as  "inflammations  of  the  thoracic  organs,  acute  articular 
rheumatism,  intermittent  fevers,  typhus,  measles,  cholera,  insuSi- 
ciency  of  the  valves  or  contractions  of  the  orifices  of  the  heart;  also 
chronic  affections  of  the  liver,  and  pnlmonary  and  peritoneal  tuber- 
culosis, especially  towards  their  fatal  termination.'"  It  also  occurs 
in  severe  catarrh  of  the  bladder,  and  ia  the  renal  catarrh  supervening 
in  erysipelas  and  scarlatina,*  together  with  the  fibrinous  casts  of  the 
uriniferous  tubes,  such  as  appear  in  acute  nephritis. 

Albumen  exists  in  the  feces  in  diarrhoea  depending  on  intestinal 
catarrh,  and  in  cholera  and  dysentery.*  Aa  the  blood  becomes 
changed,  its  amount  increases ;  and  lience  this  symptom  occurs  in 
Bright's  disease  also,  and  large  patches  of  epithelium  may  be  dis- 
charged per  rectum. 

Albumen  is  an  element  of  pus,  constituting  from  6.85  to  8.36 
per  cent.  It  also  exists  in  all  exudations,  inflammatory  or  otherwise, 
and  in  all  transudations  (effusions),  whether  dropsical  or  not;  but  in 
the  latter  there  is  often  less  albumen,  and  always  more  salts  and  ex- 
tractive matters,  than  in  the  serum  of  the  blood. 

^2.  Albuminose. 
Albuminose  has  till  recently  been  confounded  with  albumen  and 
caaeine.    HM.  Guillot  and  Leblanc  mistook  it  for  the  latter.     It  is 
li<}uid,  is  not  coagulable  by  heat,  and  incompletely  so  by  acids. 

Albuminose  is  found  in  the  blood,  constituting  4  to  6  parts  in 
1,000;  and  in  the  chyle  resulting  from  the  digestion  of  the  nitro- 
genized  (organic)  substances,  especially  albumen,  fibrine,  caseine, 
and  musculine.  It  is  formed  in  the  duodenum  and  jejunum,  from 
the  principles  just  mentioned  in  tha  food,  and  perhaps  by  mere 
iaomeric  catalysis.  The  pancreatic  flaid,  however,  is  the  immediate 
agent  of  its  formation  thus.  {Bernard)  Unlike  albumen,  it  is  highly 
endosmotic,  and  is  not  united  with  salts  of  mineral  origin.'  En- 
tering the  blood  from  the  small  intestine,  it  then  mostly  becomes 
albumen,  or  may  probably  at  once  be  converted  into  musculine. 


1,  ToL  1.  p.  30S.       '  Sm  the  chapter  on  "TnuitadatliHU."      *  Ibid. 
*  Itialbo  uid  Preatftl  mean  bj  ilbomiiioBo  tlie  "  endosmotic  and  ugimilable  sab- 
uice  B1U1II7  produced  bj  the  kction  of  gastrio  jnioe  od  the  albumen  of  Uia  food." 
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fibrine,  mucosine,  &c^  in  the  solids  or  fiuids  containing  these  sub- 
stances as  immediate  principles.  But  that  it  is  mostly  coaverted 
into  albumen  is  probable  from  the  fact  that  in  diseases,  if  very  little 
food  (or  none)  is  taken,  it  disappears  in  the  blood,  and  subsequently 
the  albumen  itself  also  diminishes.  It  was  this  in  the  fluid  dis- 
charged in  cholera  which  Giiterbock  mistook  for  caseine,  there  being 
also  very  Httle  albaraen  in  choleric  discharges.  {Robin  and  Vkrdeil.) 

3.    Caseine. 

Caseine  is  found,  in  animals,  in  milk  only,'  constituting  2  to  4 
per  cent.,  increasing  as  lactation  proceeds,  and  being  more  abundant 
during  an  animal  than  a  vegetable  diet.  Its  properties  generally 
resemble  those  of  albumen ;  but  all  acids  (as  well  aa  alcohol)  do 
coagulate  it,  while  heat  does  vol. 

It  holds  even  more  phosphate  of  lime  (5  or  6  per  cent)  in  solution 
than  albumen.  The  salts  are  merely  mixed,  and  are  partly  precipi- 
tated with  it  in  coagulating.  A  considerable  quantity  of  water 
mixed  with  it  is  also  set  free  by  its  coagulation. 

A  peculiar  property  of  caseine  is  its  coagulation  from  the  contact 
of  an  animal  membrane,  as  in  the  case  of  the  curd  (caseine)  in 
making  cheese.  Some  suppose  that  the  pepsine  in  the  rennet  (the 
dried  and  salted  digesting  or  fourth  stomach  of  the  calf),  coagulates 
the  caseine  by  catalysis,  since  the  rennet  will  produce  this  effect 
after  all  traces  of  acidity  (from  the  gastric  fluid  in  it)  have  disap- 
peared. Others  maintain  that  the  rennet  converts  the  sugar  of  milk 
into  lactic  acid,  which  uniting  with  the  alkali  holding  the  caseine 
in  solution,  the  latter  is  precipitated  in  the  solid  form.  But  caseine, 
like  albumen  and  fibrine,  is  naturally  fluid  {Bolnn  (rnd  Verdeil);  and 
Lehmann  remarks  that  the  true  cause  of  its  coagulation  is  still  un- 
known. The  acids  of  the  stomach  will,  however,  also  coagulate 
caseine,  and  the  caseine  of  human  milk  is  not  precipitated  by  rennet 
without  the  assistance  of  acids. 

'  HU.  Oaillot  and  Lebliuc,  mista-lcing  albaminose  foi  it,  b&ve  announced  its 
presence  io  Bolutioo  in  the  blood  o1  man,  woman,  and  several  of  tbe  loirer  ttui- 
malB,  and  Btste  that  il  is  moet  abundant  in  tbe  blood  of  women  Just  before  deliverj 
and  daring  lactation.  Simon  obaerrea  that  it  exists  In  [he  blood  of  laotating  wo- 
men if  the  secretion  of  milk  is  checked.  Pannm  has  also  found  a  substanoe  in 
blood-senun  whieli  be  calls  ttrutn-caieint.  It  is  extremely  probable  that  oaaeiiw 
does  exitt  in  the  blood  of  women  dartng  tactntion,  bat  Its  presenoe  there  oannot  Vl 
regarded  at  jet  demonslrated. 


HWym. — Cftseine  is  probably  formed  iu  the  blood  (of  women) 
from  albuminose  and  albumen,  but  nothing  certain  is  known  on 
this  subject;  and  that  obtained  from  the  milk  of  different  animak 
ao  variea  in  its  properties,  that  Lehmann  suggests  that  "caseiue  is 
not  a  simple  organic  body,  but  a  mixture  of  at  least  two  different 
SDbstances.  It  is,  also,  a  highly  trausmutable  substance,  often  un- 
dergoing change  on  the  application  of  the  mildest  reagents." 

Uses. — Caseins  exists  in  two  forms  in  milk:  1.  It  forms  the  in- 
vesting membrane'  of  the  milk-globules,  a£  proved  by  Henle  and 
E.  Milscherlich.     2,  Moat  of  it  is  dissolved  in  this  fluid. 

Caseine,  taken  as  food,  probably,  like  albumen,  is  converted  into 
albuminose  iu  the  small  intestine,  and  is  finally  disposed  of  in  the 
same  manner.  (See  p.  86.) 

Thus  all  the  tissues  of  the  young  mammalia  are  developed  for  a 
time  after  birth  from  the  caaeine  (and  other  elements)  of  milk,  as 
those  of  birds  are  from  the  yo!k  of  the  egg.'  It  is  soon  coagulated 
by  the  action  of  the  gastric  fluid,  and  takes  the  form  of  curd,  and 
cannot  then  be  distinguished  from  coagulated  albumen.  The  "curd- 
ling" of  milk,  therefore,  in  an  infant's  stomach,  is  no  sign  of  disease, 
as  is  often  incorrectly  asserted. 

The  large  quantity  of  phosphate  of  lime  in  milk  adapts  this  fluid 
to  the  necessities  of  the  young  aniinals  while  the  bonca  are  under- 
going rapid  development.  In  adults,  a  less  amount  in  the  albumen 
of  the  blood  is  sufficient  for  their  nutrition. 

Kifsteine,  a  substance  forming  a  thick  pellicle,  generally  exhaling 
the  odor  of  decomposing  cheese,  upon  the  urine  of  pregnant  women, 
has  been  regarded  as  being  allied  to  caseinc,  and  as  probably  result- 
ing from  its  decomposition.  But  Lehmann  maintains  that  the  layer 
is  merely  a  formation  of  crystals  of  triple  phosphate  and  fuugoid 
and  coniervoid  growths,  which  takes  place  when  the  urine  becomes 
alkaline.  Still,  the  urine  of  pregnant  women  is  more  likely  to  pre- 
sent it,  though  it  is  not  peculiar  to  pregnancy.  It  occurs,  also,  in 
hysteria  and  chlorosis,  and  results  from  an  increased  tendency  to 
aUcBline  fermentation. 


4.  Fihrine, 
Fibrine  is  found,  in  its  natural  fluid  state,  in  blood  (.19  to  .S 


I 
I 


I  per 


oent.),  chyle,  and  lymph  (.052  per  cent.),  and  in  inflammatory  oxu- 

'  Bnljiliatvuf  aodkcaiiscBthi!  membrane  lo  bnrst  trlien  the  incloBod  fat  la  sot  be«. 
'  LfhoiBnti  belloTei  that  the  TltolUna  substunue  fnriaing  the  albuminoas  bod^  of 
Uw  jolk  til  egga  it  >  mixture  of  albameo  and  cuslae. 
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dations.  It  is,  by  some,  iocorrectly  supposed  to  be  held  in  solatioD 
in  tbe  serum  associated  with  it.  It  is,  at  present,  regarded  aa  con- 
taining one  atom  less  of  sulphur,  and  one  more  of  oxygen,  than 
seralbumen,  being  in  other  respects  isomeric  with  it;'  uniting,  like 
the  ]att«r,  with  bases  as  an  acid,  and  with  acids  m  a  base.  It,  how- 
ever, contains  but  from  .7  to  2.5  per  cent,  of  the  phosphate  of  lime 
and  magnesia.  ^1 

Fibrinc  has  been  said  to  exist,  in  its  solidstate,  in  muscular  filj^l 
It  does  not,  however,  exist  in  muscular  tissue  at  all.  ^M 

Fibrine  becomes  solid,  or  coagulates  spontaneously,  if  separated 
from  the  other  fluid  elements  of  the  blood;  and  also  while  in  the 
blood,  in  all  ordinary  circumstances,  if  the  latter  be  removed  from 
the  vessels  and  from  all  contact  with  the  living  tissues.  After 
death,  it  also  normally  coagulates  within  the  vessels. 

The  coagulum  of  fibrine  is  a  yellowish,  opaque,  _^Wi«  mass,  soft 
and  elastic,  and  containing  about  three-fourths  of  ita  weight  of 
water.  Thus  coagulation  of  fibrine  ia  fibrillation,  and  is  a,  vital  act. 
The  coagulum  of  albumen  has  no  fibres;  it  is  merely  hyaline,  or 
minutely  granular,  albumen  not  being  endowed  with  vital  proper- 
ties. Mere  fibrillation  is  perhaps  the  lowest  form  of  organization, 
though  there  is  reason  to  believe  that  it  is  the  highest  of  which 
fibrine  is  capable. 

Any  alkaline  solvent  of  fibrine  prevents  ita  coagulation — as  the 
sulphate  of  soda,  nitrate  and  carbonate  of  potassa,  and  the  chloride 
of  sodium.  Chloride  of  mercury  probably  has  the  same  property; 
so  also  have  acetic  and  phosphoric  acid.  All  these  substances 
diminish,  and  may  destroy,  the  vitality  of  fibrine. 

On'yiH  of  Fibrine. — The  fibrine  of  inflammatory  or  other  exuda- 
tions is,  of  course,  derived  wholly  from  the  blood.     That  in  the 


'  DnmaB  sUtea  that  Qbrine  contsms  less  carbon  and  noro  nltrogea  tb&n  olba- 
metu  Carpenter  says  it  oantains  (acoordiiig  to  moat  analyaes)  mora  niygea  than 
slbnraen,  and  that  it  is  probably  alburoen  oiidiied  by  llie  proceaa  of  aeralion. 

Tbe  chemical  compoaition  til]  recently  assigned  to  these  three  Immediale  prin- 
oiplea,  ragarding  them  aa  proteine  cBmpoaada,  is  aa  rollovfl—osaaming  Mnlder'i 
original  rormala  for  proteine  {C„H,|0|jN,),  or  Liebig'a  (C^iHjjOnN,),  and  its  oom- 
bining  uumber  being  437,3  (Maldtr),  or  fiSH  3fi  (Liebig)  :— 

Xnldir.        Llsblf. 
Seralbnmeo  is  10  proteine -f- PS,;  combining  nnmber,  4436.56     S32T-1S 

Fibrine  and  OTalbumon,  10  proteine  +  I*S  ;  comb,  nnmber,  4420.47  6311.07 
Caeeino  and  oryatalUne,  lOproteine+8;  comb,  nomber,  4388.09  5279.89 
Mnlder'a  more  rsoent  formala  tor  proteine  is  C„HuN,0|„+2H0. 
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Hooil  is  obtained  in  part  from  the  chyle  and  the  lymph ;  but  it  is 
aJao  probably  formed,  in  all  three  of  these  fluids,  from  their  albu- 
men. Were  we  content  with  a  mere  chemical  hypotliesia,  we  might 
adopt  Lehmann's  as  the  most  plausible,  viz.,  that  "fibrine  is  pro- 
dnced  by  the  oxidation  of  albumen  in  the  aeration  of  the  blood, 
while  the  convereion  of  fibrine  into  the  tiaaiiea  is  also  the  result  of 
an  oxidation  of  fibrine.  But  fibrine  is  increased  in  inflammation, 
not  becanee  of  more  oxygen  in  the  blood,  but  because  there  is  leas 
than  usual ;  there  being  bareli/  enough  to  form  the  fhrine  from  the 
alintmen,  but  not  enough  to  secure  Oie  melamorjihosis  of  the  Jatler. 
Hence  the  highest  amount  of  fibrine  is  found  in  pneumonitis,  the 
disease  in  which  the  aeration  of  the  blood  is  most  impeded."  Bat 
oxitiatioJi  is  mere  chemical  action ;  and  it  is  entirely  abhorrent  to  our 
ideas  of  nutrition,  that  the  tiaauea  are  formed  from  any  immediate 
principle  by  an  exertion  of  mere  chemical  force.  Each  tissue  pos- 
sesses the  power  of  assimilation,  by  which  is  meant  the  power  of 
forming  its  own  substance  from  materials  in  the  blood,  which  are 
never,  as  there  found,  precisely  identical  in  composition  with  itself. 
So  it  is  probable  that  fibrine,  posseasi  ng  vitality,  develops  itself  from 
the  analogous  compound,  albumen,  and  fat,  and  a  few  saline  sub- 
stances.' So,  also,  it  is  probable  that  fibrine  undergoes  its  own 
metamorphosis,  in  the  blood  or  out  of  it,  as  the  tissues  do ;  and 
when  it  is  fonned  in  excess  in  the  bhwd,  this  may  be  owing  to 
^ther  an  excess  in  its  development,  or  a  diminished  metamorphosis, 
or  to  both  combined. 

Uses  of  Fibrine. — 1.  The  fibrine  in  the  blood  gives  to  it  the  power 
of  coagulating,  and  therefore,  within  certain  limits,  of  spontaneously 
arresting  hemorrhage.  In  case  of  ligation  of  a  vessel,  also,  it  is  the 
fibrine  which  prevents  the  escape  uf  blood  when  the  ulcerative  pro- 
cess excited  by  the  ligature  cuts  ofi*  the  vessel. 

2.  Fibrine  present  in  exudations  forms  the  nidus  in  which  adven- 
titious growths  are  developed,  or  in  which  new  tissues  are  formed, 
as  in  case  of  the  reparative  process.  Fibrine  appears  also  to  be  the 
forerunner  of  the  original  tissues,  or  the  matrix  in  which  they  are 
at  first  laid  down  during  intra-ulerine  development;  but,  in  the  last 
two  cases,  the  fibrine,  after  fulfilling  its  temporary  office,  disappears. 
It  is  probable  that  the  fibrine  of  the  blood  does  not  normally  con- 


I 


'  Pot  flbriiM  liprobabl/  a  compoand,  and  doI 
u  withcutins.    See  "Rerostke"  foUowiog. 


I  aimpla  sabatain'e ;  as  is  also  the 
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duce  to  the  nutrilion  of  the  permanent  tissues,'  and  that  it  becomefl 
itaelf  permaueat  only  in  persistent  Talae  membranes,  and  other  simi- 
lar pathological  epigeneses. 

Fibrine  is  probably  converted,  in  its  final  metaniopphosis,  into 
urea,  uric  acid,  and  other  effete  substances,  like  albumen  and  the 
^^  proper  tissues. 

^K  Jiemarl^.- — I,  It  is  not  probable  that  what  is  called  fibrine  is  a 

^^P  simple  substance.     It  always  contains  salts,  sulphur,  and  fat — even 

^H  2,6  per  cent,  when  dry.     Besides,  Lehmann  remarks  that  it  is 

"wholly  at  variance  with  all  preconceived  ideas  to  attribute  life  to 
a  simple  organic  substance;'"  and  fibrine  manifests  a  property 
which  can  hardly  be  otherwise  than  vital,  viz.,  spontaneous  coagu- 
lability. 

II.  Normally,  the  fibrine  coagulates  in  haman  blood  to  saah  an 
extent  as  to  give  the  blood  a  gelatinized  appearance  in  from  two  to 
four  minutes;  in  inflammation,  this  appearance  is  delayed  tee  to 
fifteen  minutes,  or  longer.  In  case  of  filtered  frog's  blood,  or  of 
inflammatory  exudations  (the  red  corpuscles  being  in  both  of  these 
cases  separated  from  the  rest  of  the  blood,  so  that  no  obstruction  is 
offered  to  the  process  or  to  the  view),  molecular  granules  are  first 
seen  in  the  clear  fluid,  at  various 
points,   from   which   very   fine 

I^B  ^^^^^^«-^  gi.gj  incloses  all  the  other  con- 

^F  Flhna  In  ei»«iilutDg  biuod.  ^    i        ,  ,        i  . 

•  stitueuts  of  the  blood,  and  the 

whole  mass  of  blood  appears  to  have  gelatinized.  But  the  contrac- 
tion of  the  fibrine  becoming  more  advanced,  the  serum  is  squeezed 


'  See  ohipMr  on  the  "  Histologioai  Kelati 
'  Chemiatiy,  vol.  i.  p.  313. 
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horn  ite  meshes,  and  rises  on  the  surface,  while  the  corpuscles  (co- 
lored and  colorless)  remain  inclosed  in  the  coagulnm.  Sometimes 
the  coagulum  is  not  fully  contracted  under  forty  to  fortj-eight 
hours.  When  the  fibrine  is  left  separate  from  all  other  elements, 
its  threads  or  fibrils  alone  occupy  the  field  of  vision,  and  aflbrd  a 
striking  resemblance  to  the  membrane  lining  the  egg-slielL  (Fig.  48.) 

III.  Coagulation  ia  jibrillniion,  and  is  to  be  regarded  as  a  vital 
act,  since  it  is  organization,  though  perhaps  of  the  lowest  kind. 
But  fibrillation  is  the  last  and  the  highest  vital  act  of  tho  fibrine. 
The  more  highly  vitalized,  therefore,  the  fibrine,  the  slower  and  the 
more  perfect  the  fibrillation.  Hence,  as  it  would  seem,  inBamma- 
tory  blood  both  coagulates  most  slowly,  and  affords  the  most  com- 
plete fibrillation.  Indeed,  the  solidification  is  bo  long  retarded  (ten 
to  twenty  minutes),  that  the  corpuscles — the  heaviest  portion  of  the 
blood — have  time  to  subside,  and  thus  leave  the  upper  portion  of  the 
clot  of  a  light  straw  color ;  and  which  has  given  to  the  coagulum, 
in  such  caaea,  the  name  of  the  "bufly  coat,"  This  is  characteristic 
of  inflammation,  however,  only  whea  due  to  slow  coagulation.  It 
occurs,  also,  in  anajmia  and  chlorosis ;  the  coagulation  being  rapid 
in  these  conditions,  but  the  red  corpuscles  in  the  blood  being  so 
deficient  as  not  to  give  the  usual  bright  red  color  to  the  coagulum. 

IV,  The  fibrillation  of  fibrine  is  the  more  perfect  in  all  the  fol- 
lowing conditions: — 

1.  When  its  vitality  is  apparently  highest,  as  in  inflammation; 
when  also  coagulation  is  most  slowly  performed. 

2.  When  it  is  most  nearly  isolated  from  the  other  elements  of 
the  blood,  especially  the  corpuscles,  as  in  inflammatory  exudations, 
which  consist  of  fibrine  and  serum  only  in  all  cases  except  when 
hemorrhage  also  ha^  occurred. 

3.  When  its  contact  is  most  pcr/ert  loilh  the  living  tissms,  as  in  case 
of  inflammatory  exudations  upon  serous  membranes,  when  the  ex- 
udation ia,  of  course,  in  contact  wtth  the  tissuea  on  both  its  surfaces. 
Ia  ooae  of  inflammation  on  mucous  membranes,  or  the  skin,  the 
exudation  can  be  in  contact  only  on  one  surface,  except  in  the 
rectum,  vagina,  kv.  Hence  false  membranes,  so  called,  which  are 
origiiudly  mere  fibrillated  fibrine,  are  more  common  on  serous  aur- 
fkces,  and  very  uncommon  on  mucous  membranes,  except  those 
jast  mentioned. 

4.  When  it  is  at  perfect  rest  after  leaving  the  bloodvessels.  Here, 
again,  a  serous  membrane  bos  the  advantage.    In  pleurisy  and  peri- 
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tonitis  the  acute  pain  accruing  from  motion  secures  rest  of  the  dis- 
eased part.  Mucous  Dieitibranes,  lining  canals  for  the  passage  of 
foreign  aubstances,  are,  on  the  other  hand,  unfavorably  situated  in 
this  respect,  since  the  latter  may  disturb  the  contact  of  the  exuda- 
tion, or  even  remove  it  entirely.  The  latter,  however,  often  does 
not  occur,  and  therefore  false  membranes  (falsely  so  called')  may  be 
formed  on  the  pharynx,  in  the  rectum,  the  vagina  and  uterus,  and 
the  nasal  passages;  and  in  the  larynx,  trachea,  and  bronchial  tubes, 
especially  of  young  children. 

5.  When  a  temperature  of  98°  to  100°  Fahr.  is  uiufarmly  main- 
tained.    Here  an  internal  surface  or  part  has  the  advantage. 

V.  On  the  other  hand,  all  the  circumstancea  opposing  the  con- 
ditions just  mentioned  render  the  fibrillation  less  perfect.  These 
need  not  be  specified  at  length.  Any  agent  reducing  the  vitality  of 
the  fibrine,  diminishes  the  probability  of  the  formation  of  a  false 
membrane,  in  case  of  inflammation  on  a  serous  surface.  Alkalies. 
nitrate  of  potassa,  and  the  salts  of  mercury  (the  protochloride  espe- 
cially), appear  to  possess  this  property,  causing  the  exudation  to 
remain  longer  fluid,  and  thus  prolonging  the  opportunitiea  for  its 
reabsorption.  Hence,  if  these  agents  are  administered  too  freely, 
and  especially  when  the  librine  has  already  a  low  vitality  (as  in 
scrofulous  subjects),  the  exudation  may  be  converted  into  pus  in- 
stead of  a  false  membrane.  Empyema  may  thus  be  produotwi  from 
pleuritia,  in  a  delicate  patient, 

VI.  The  coagulation  of  the  blood  may  be  entirely  prevented  by 
any  cause  which  at  once  destroys  the  vitality  of  the  fibrine.     Su(i 


1.  Poisons  in  the  bhod,  as  in  case  of  malignant  typhus,  or  of 
glanders:  or  of  retention  in  the  blood  of  deleterious  secretions,  tts 
carbonic  acid  gas  (in  asphyxia),  urea  (in  suppression  of  urine),  &c 

2.  Violent  shocks  to  the  nervous  sijstem,  as  from  mental  emotions,  or 
in  cases  of  death  from  lightning; 

3.  Too  high  a  temperalure.  A  beat  of  180°  destroys  the  vitality 
of  the  fibrine,  and  coagulates  the  albumen  of  the  blood. 

Vn.  The  following  agents  retard  the  coagulation  of  the  blood: — 

1,  Extreme  cold.  If  blood  is,  however,  frozen  at  once  on  being 
draum,  it  coagulates  on  being  thawed. 

2.  Certain  narcotics  and  sedatives,  as  opium,  belladonna,  acoaite. 
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hyoscyamus,  digitalis,  and  strong  infusions  of  cofifee  and  tea.  (Car- 
penter, PrincipleSjilc^  p.  195.)  Carbonic  acid  also  produces  the  same 
effect. 

8.  The  addition  to  the  blood  of  solutions  of  albumen,  caseine,  or 
Bugar,  retards  its  coagulation.  On  the  contrary,  violent  agitation 
and  a  watery  condition  of  the  blood,  and  free  access  of  the  air, 
hasten  the  coagulation.^  x 

y  III.  Fibrillation  being  the  only  distinguishing  histological  cha- 
racteristic of  fibrine,  it  is  clearly  unphilosophical  to  assume  that  an 
amorphous  mass  of  organic  matter  in  the  organism  is  fibrine,  merely 
because  it  is  solid,  as  in  exudations,  in  tubercle,  &c.  It  is  far  more 
probable  that  such  masses  are  merely  albumen,  and  not  fibrine.  It 
has  already  been  shown  that  it  is  not  possible  always  to  identify  and 
distinguish  albumen  and  fibrine  in  their  solid  form.  (p.  85.)  Fibrils 
alone  demonstrate  the  latter;  while  their  absence  merely  leaves  the 
inference  probable  that  the  substance  is  albumen,  but  ^r(n;e5  nothing. 

IX.  Since  fibrine  is  indispensable  to  the  original  development  of 
the  tissues,  and  to  the  reparative  process,  as  it  affords  the  matrix  for 
the  new  growth,  all  the  agencies  mentioned  as  interfering  with  its 
perfect  fibrillation  are  obstacles  to  these  processes  also. 

X.  The  fluid  substance  from  which  the  tissues  are  directly  formed, 
or  repair  is  secured,  is  called  "plasma,"  "blastema,"  "hyaline  sub- 
stance," &c  It  is,  in  fact,  the  liquor  sanguinis,  t.  e.  the  whole  blood, 
except  the  two  kinds  of  corpuscles.  It  was  formerly  called  "coagu- 
lating lymph"  by  Hunter  and  others. 

XI.  The  idea  generally  entertained,  that  fibrine  is  the  only  plastic 
element  of  the  blood,  must  now  be  received  with  suspicion.  It  is 
merely  the  only  spontaneously  plastic  or  organizable  element,  and 
itie  first  organized — the  primum  organizatum—o{  the  blood. 

XII.  Since  fibrine,  by  its  coagulation,  spontaneously  arrests  he- 
morrhage from  the  smaller  vessels,  the  hemorrhagic  tendency  in 
purpura,  scorbutus,  and  in  some  persons  constantly,  though  in 
health,  seems  due  to  a  low  vitality  of  the  fibrine,  or  an  insufficient 
quantity. 

Xm.  Finally,  the  "polypi,"  so  called,  which  are  often  found  in 
the  heart  after  death,  are  mere  masses  of  coagulated  fibrine. 

>  It  ihonld  be  added  here  that  Dr.  B.  W.  Riohardson,  of  London,  has  recentlj 
reoetved  the  Astlej  Cooper  prize  for  his  investigations,  tending  to  demonstrate  that 
the  ilniditj  of  the  blood  (i.  e.  of  theyi6rtfi«)  is  due  to  the  presence  of  free  ammonia. 
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SECOND  DIVISION. 

Solid  or  Demi-solid  Immediate  Principles. 

These  are  the  most  abundant  of  all  the  organic  substances,  and 
while  the  principal  substances  in  the  preceding  division  (albumen, 
albuminose,  and  fibrine)  are  found  in  the  blood,  all  these  (except 
globuline  and  crystalline)  exist  in  the  tissues.  These,  therefore,  are 
of  great  interest  to  the  histologist ;  though  most  of  them  have  been 
so  recently  announced,  that  our  knowledge  of  them  is  still  limited. 
They  are  seven  in  number. 

1.  Olobuline. 

Globuline  is  found  only  in  the  red  corpuscles  of  the  blood.  The 
globuline,  together  with  the  haematine  (the  hsemato-globuline),  con- 
stitutes most  of  the  viscid  fluid  contents  of  the  blood-corpuscles. 
The  precise  proportion  of  each  has  not  yet  been  ascertained.  Ro- 
bin and  Verdeil  remark  that  the  globuline  constitutes  the  principal 
part  of  the  mass  of  the  corpuscles. 

Globuline  is  not  soluble  in  serum,  but  is  so  in  water,  which,  in 
dissolving  it,  destroys  the  corpuscles.  It  is  in  the  latter  united, 
molecule  to  molecule,  with  the  hsematine  and  with  some  fatty  sub- 
stances. 

Origin. — Since  globuline  is  found  only  within  cells  (blood-cor- 
puscles) bathed  by  an  albuminous  fluid,  we  can  hardly  avoid  the 
conclusion  that  it  is  developed  from  albumen  by  the  action  of  the 
cell-membranes.  Those  who  believe  in  the  oxidation  process  as 
forming  fibrine  from  albumen,  regard  globuline  as  an  intermediate 
substance  between  albumen  and  fibrine;  but  that  it  is  at  all  con- 
verted into  fibrine,  is  merely  a  chemical  hypothesis. 

Uses. — The  use  of  globuline  in  the  blood  is  unknown.  It  pro- 
bably exists  in  it  for  the  direct  advantage  of  the  blood  itself,  and 
not  as  a  pabulum  for  the  tissues. 

Globuline  probably  undergoes  its  own  peculiar  metamorphosis  in 
the  blood,  but  nothing  is  known  on  this  point. 

2.  Orystalline. 

This  substance  exists  only  in  the  crystalline  lens,  and  has  been 
regarded  by  some  chemists  as  identical  with  globuline.  Lehmann 
has,  however,  recently  asserted  that  they  are  distinct  substances, 
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>ugh  he  strangely  applies  the  name  crystaUine  to  the  immediate 
principle  in  the  blood -co  rpusclca,  and  calls  that  in  the  lens  globa- 
line.  Hence  he  terms  the  mixture  of  hrematine  and  the  other  im- 
mediate principles  bfemato-cryatalline.  We  have  applied  the  name 
hsmato-glohuliae  to  the  same  (p.  96), 

Id  the  human  crystallino  lens,  Bcrzeliua  found  35.9  per  cent,  of 
dry  crystalline;  which  also  contains  .241  per  cent,  of  phosphate  of 
lime.  It  probably  also  contains  phosphate  of  soda  and  ammonia. 
{Lehmann.)  Some  of  these  salts  exist  in  aboormnl  amount  in  case 
of  hard  cataract. 

Origin, — Crystalline  is  probably  formed  from  the  albumen  in  the 
albuminouB  fluid  (aqueous  and  vitreous  humors  of  the  eye),  sur- 
rounding the  crystalline  lens. 

Uses, — Crystalline  is  a  refractive  medium  in  the  crystalline  lens, 

OS  albumen  is  in  the  other  humors  of  the  eye ;  and  Chenevix  first 

made  the  observation  that  this  principle  is  more  concentrated  in 

the  central  than  in  the  peripheral  portions  of  the  lens,  to  render  it 

y  achromatic. 

W^  Z.  MuacuXine. 

'  Muaculine — also  called  syntonin^  by  Lehmann — exists  in  con- 
tractile tissue  alone^  i,  e.  in  both  the  striated  and  the  non-atriated 
muscular  tiasue.  Its  precise  amount  in  human  muscle  is  not  yet 
determined.  Moat,  if  not  all,  that  has  been  called  fibrine  in  muscu- 
lar tissue  is  actually  masculine.  In  the  ox  it  constitutes  60  to  85 
per  cent,  of  the  solid  portion  of  the  muscles,  or  15.4  to  17.7  per  cent, 
of  their  substance.  In  the  calf  it  does  not  amount  to  more  than  50 
per  cent,  of  the  solid  matter, 

Muaculine  is  soluble  in  water  coataining  one-tenth  its  weight  of 
hydrochloric  acid;  blood-fibrine  merely  swells  in  this,  hut  does  not 
dissolve.  Musculine  contains  1.4  per  cent,  of  phosphate  of  lime, 
but  no  iron,  while  the  latter  is  found  in  blood-hbrine. 

Uusculino  ia  always  associated,  in  muacle,  with  albumen,  creatine, 
and  creatinine,  inoaic  and  lactic  acida,  chloride  of  sodium  and  potas- 
Bvum,  ka.-^  but  these  all  exist  in  the  musculaT  juix,  which  will  be 
discussed  in  the  chapter  on  "Contractile  (Muscular)  Tissue." 


'  From  rvrnlmr,  to  strain. 
*  ScluTQr  hw  noentl]'  found  iuoeite,  c 
l^lbs  tiMrt  of  the  □>. 


\trU  lui/ar,  also  ia  tliu  miui;uliu- 
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Origin.- — There  is  no  reason  to  doubt  that  inusculine  is  formed 
from  the  albumen  (and  albuminose)  in  the  blood.  The  necessity 
for  admitting  that  muscular  tissue  is  formed  from  the  blood-fibrine 
ceases  to  exist  when  it  is  demonstrated  that  fibrine  does  not  ejcist 
in  it.  And  no  physiological  objection  occurs  to  t}ie  idea  that  albu- 
men may  be  directly  converted  into  musculine  as  readily  aa  into 
fibrine.     How  the  conversion  occurs,  in  either  case,  is  unknown. 

Uses. — Musculino  is  the  main  constituent  and  essential  substratum 
of  the  contractile  (muscular)  tissue.  It,  especially,  is  endowed  with 
the  vital  property  of  contractiUty,  though  other  immediate  principles 
are  doubtless  united  with  it,  molecule  to  molecule,  and  without  which 
it  could  not  manifest  the  property  just  mentioned.  It  forms  the 
fibrils  of  striated  muscular  tissue,  and  is  always  bathed  in  a  fluid  of 
an  acid  reaction,  called  the  muscular  juice.  The  latter,  however, 
results,  probably,  in  great  part  at  least,  from  the  raetamorpliosia  of 
the  musculine ;  and  since  it  contains  creatine,  creatinine,  lactic  acid, 
&c.,  these  substances  are  doubtless  the  immediate  results  of  its  trans- 
formation. 

Remarks. — Fresh  muscular  ^bre,  even  of  inferior  quality,  nou- 
rishes an  animal  indefinitely ;  while  blood-fibrine,  with  the  addition 
of  soup,  nourished  only  about  a  month,  when  the  animal  refused 
for  three  days  to  take  it.  (ifagendie.)  Of  the  former,  150  to  300 
parts  are  better  than  1,000  of  blood-fibrine,  with  some  albumen 
added.  {Robin  and  Verdeil.) 

Boiling  converts  muscuhne  into  a  substance  allied  to  gelatine; 
roasting  does  not.  Hence  boiled  meot  is  far  less  nutritious  than 
the  same  when  broiled  or  roasted. 

Musculine  is  more  abundant  in  the  muscles  of  the  ox  and  of  the 
common  fowl,  than  in  those  of  the  sheep.  Hence  beefsteak  is  one 
of  the  most  uutritious  substances  for  the  muscular  system  of  man. 
It  is  also  much  more  so  than  veal,  since  there  is  less  musculine  in 
the  muscles  of  young  animals. 

4.  Osleine. 

This  is  the  name  given  by  Robin  and  Verdeil  to  the  atiU  unde- 
scribed  substance  from  which  glutin  (or  gelatine)  is  obtained  by  the 
action  of  boiling  water;  for  glutin  does  not  naturally  exist  in  the 
human  body. 

Osteine  exists  in  bone  and  in  white  fibrous  tissue,  wherever  found 
(in  tendons, ligaments,  the  cornea);  and  in  permanent  cartilages  when 
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Aey  become  ossified  in  dkeaw.  In  fishes  it  exists  in  the  swimmlog- 
bladiier  and  in  the  scales. 

The  chemical  composition  of  osteine  is  unknown.  It  probably 
differs  from  glutio  by  a  few  atoms  of  water,  at  most,  {Lehjnann.) 
But  the  composition  of  the  latter  is  not  yet  settled ;  Liebig's  formula 
being  C„H^N,0„  while  Mulder's  is  C,jll,^,0,. 

Osteine  constitutes  a  large  part  of  the  moss  of  the  human  organ- 
iam.  nailer  remarked  that  "one-half  of  the  human  body  la  glutin." 
Id  fact,  one-half  of  the  solid  part  of  the  body  ia  convertible  into  glu- 
tin  by  boiling  in  u-ater. 

It)  the  bones,  oeteine  is  chemically  combined  with  the  phosphate 
>^  lime,  and  constitutes  from  17.3  to  27.99  per  cent,  of  the  bone-sub- 
water  constituting  from  47.22  to  22,87  per  cent,  {Magtnidie) 

Origin. — Ostelne  is  formed  in  the  tissues  in  which  it  occurs,  by 
ssmmilation  of  the  albuminous  elements  of  the  blood,  like  globuline 
and  musculine, 

Usa. — Osteine  is  the  essential  organic  element  in  bone  and  white 
fibrous  tissue.  It,  however,  manifests  but  very  low  vital  endow- 
ments, merely  in  the  way  of  nutrition  and  reproduction,  in  these 
tissues.  Hence  the  latter  belong  to  the  lowest  class,  and  are  useful 
only  on  account  of  their  physical  properties;  the  bones  giving  sup- 
[vort  to  the  body  and  strong  points  for  the  attachment  of  muscles,, 
and  the  white  fibrous  tissue  subserving  various  uses  on  account  of 
itfl  strength  and  flexibility,  and  its  almost  total  inextenaibility.  The 
cornea  is  useful  from  its  strength  and  transparency. 

The  transformations  of  osteine  are  not  understood. 

Jiemarls.— Osteine  is  nutritious  and  assimilable;  glutin  is  not, 

it,  if  it  enters  the  blood,  appcirs  in  the  urine.     Hence  Magendie 

lUnd  ibat  animals  may  be  sustained  indefinitely  by  giving  them 
6Dely  ground  bones,  while  they  soou  languisli  if  they  are  fed  with 
soup  obtained  by  boiling  the  bones;  since  in  the  latter  case  the 
osteine  is  converted  into  glutiu. 


1  5.  Cartilugeine, 

*  The  subatauce  which  by  the  prolonged  action  of  boiling  water  is 
converted  into  chondrine,  is  named  cartilageine.  {R(drinanii  Verdetl) 
It  is  found  only  in  cartilages  and  in  fibro- cartilages.  It  exists  abun- 
dantly in  the  intercellular  substance  of  cartilage;  whether  in  ha 
cells,  also,  is  not  certainly  ascertained. 

Cartilugeine  exists  in  bouc-cartilago  as  well  as  in  the  permaneu 


!r  in  n^  ^^ 

rmaneut       ^^^ 
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variety :  but  as  soon  as  ossification  occurs  iu  the  former,  osteme  is 
found,  and  cartilageine  disappears  as  the  process  goes  on. 

The  chemical  composition  of  cartilageine  probably  differs  very 
little  from  that  of  chondrine ;  but  even  the  latter  is  not  jet  decided. 
Mulder^s  formula  is  C^fi^fi^^;  Liebig's,  C^H^N^O,p.  The  origin 
of  cartilageine  is  not  definitely  decided,  but  it  is  probably  formed 
directly  from  the  albuminous  elements  of  the  blood.  Nothing  is 
known  of  its  metamorphoses. 

Uses. — ^Cartilageine  is  the  essential  organic  element  of  cartilage, 
and  in  which  the  vitality  of  this  tissue  especially  resides.  It,  how- 
ever, manifests  even  a  lower  vitality  than  osteine  in  the  way  of 
nutrition  and  reproduction :  and  hence  this  tissue  is  useful  merely 
on  account  of  its  physical  properties,  and  especially  of  its  elasticity. 

Rtmarks. — ^The  idea  is  untenable  that  glutin  is  formed  from  chon- 
drine— or,  rather,  that  osteine  is  formed  from  cartilageine — ^because 
bone  is  formed  from  cartilage:  for  as  bone  merely  rephees  cartilage, 
so  the  osteine  replaces  the  cartilageine.  Attempts,  therefore,  to 
explain  how  either  of  these  immediate  principles  is  formed  from  the 
other,  are  both  uncalled  for  and  unproductiTe. 

Miiller  has  sliown  that  in  cases  of  softening  of  the  bones,  where 
there  is  a  diminished  amount  of  the  phosphate  <^  lime,  neither 
jtrlutin  nor  chondrine  is  obtained  bv  boilinsr  them. 

This  is  the  peculiar  organic  eleanent  in  thfe  yellow  fibrous  or 
elastio  tissxuv  {Rdn^i  anii  Vcrdal) 

It?  ohomioal  cv^m|v>si^io^  is  not  deteiminod,  nor  is  its  amount  in 
the  ti5!?ue  aK>re  mentioned. 

7 W. — Tt  j\xsio!S«?<$  but  a  rcrr  low  degree  of  vitality;  hence  the 
oUstio  tissue  :?ub«^rrc!S  mcreJv  physiau  requirements.  Its  great 
oxtonsibility  and  clasucitr  ai^?  its  ch&racierisac  propertiea. 

Kor^tino  is  tho  OT^nio  imrric^iiiJo  principle  peculiar  to  epidermis, 
nniK  hsir,  w^v^l,  and  horn. 

A  8mall  amount  of  the  &wv  'nr.noir.les  is  chemicallv  combined 
V  ith  thi?^  priiH>ipK 

/■V«,  -It  lift  douHfwl  if  koT^tiTsr  pocs*os**e5  TTtfility.  At  all  events, 
it  nior*'»l\  jriv*>*  hun^nossan^i  other  :*»y.vsic^l  nrc^pertaes  to  the  tissues 
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just  mentioned,  and  which  are  constantly  falling  oft'  from  the  body 
as  excrementitious. 


THIRD  DIVISION. 
Coloring  or  Oohred  Organic  Substances. 
Under  this  head  are  included — 

1.  Hsematine — the  coloring  matter  in  the  blood-corpuscles. 

2.  Biliverdin — in  the  bile. 

3.  Melanine — in  melanotic  deposit,  .&c. 

4.  Urrosacine — in  urine. 

1.  The  urine-pigment  is  of  no  importance  in  histology,  and  will 
be  merely  mentioned  here. 

2.  The  bile-pigment,  also,  will  be  but  briefly  alluded  to.  The 
biliverdin  is  the  green,  the  cholepyrrhin  {Berzelius)  or  biliphaein 
(Simon)  is  the  brown,  and  the  biliful  vin  is  the  yellow,  coloring-matter 
of  the  bile.  The  last  is  entirely  converted  into  hadmatoidine  (see  p. 
102),  and  is  formed  in  stagnant  bile  as  hsematoidine  is  in  stagnant 
blood. 

The  greenish  color  of  the  feces  (as  in  diarrhoea)  is  generally  due 
to  an  admixture  of  decomposed  blood,  and  rarely  to  the  presence  of 
biliverdin.  Bile-pigment  is,  however,  never  entirely  absent  from 
the  feces,  except  in  some  rare  cases  of  icterus.  Nothing  is  known 
of  the  origin  of  the  bile-pigment.  It  is  probably  not  formed  in  the 
liver.  (Lehmann.) 

In  diseases,  bile-pigment  may  be  found  in  the  urine,  in  the  fluid 
of  the  areolar  tissue,  and  even  in  the  sweat  and  the  saliva.  It  is 
also  deposited  in  all  the  fluids  of  the  eye,  and  in  the  sclerotic  coat. 
Sometimes,  indeed,  the  saturation  of  the  organism  is  so  extreme  as 
to  color  the  cartilages,  ligaments,  bones,  and  even  the  nerves. 

8.  ffcematine.  (CJlJiifi^e.) 

Haematine  occurs  only  in  the  red  corpuscles  of  the  blood  of  the 
higher  animals,  and  gives  the  latter  its  bright  red  color.  It  consti- 
tutes 1.675  per  cent,  of  the  moist  corpuscles,  and  about  .73  per  cent. 
of  the  whole  blood;  but  this  substance  obtained  by  the  chemist  is 
not  the  coloring-matter  as  it  naturally  exists  in  the  corpuscles,  but 
is  a  product  of  its  metamorphosis.  It  is  naturally  dissolved  in  the 
globuline  in  the  corpuscles,  but  can  be  obtained  only  in  its  coagu- 
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lated — and,  of  course,  modified — condition.    Its  combining  number 

ie  5176.  {MuUJer.) 

Iron  is  always  found  in  combinatiou  with  hfematiue;  but  whether 
in  the  state  of  an  oxide  or  not,  is  not  yet  decided.  It  is,  however, 
not  probable  that  the  single  ec|uivaleDt  of  this  metal  is  chemically 
combined  with  the  group  of  atoms  representing  pure  hiematine, 
C^H^NjO,  {Mulder),  and  it  is  demonstrated  that  iron  may  be  ab- 
stracted from  the  hteniatine  without  affecting  its  bright  red  color. 
It  constitutes  6.64  per  cent,  of  the  h;cmatine  {Mulder),  and  ,38  per 
cent,  of  the  dried  red  corpuscles  {Berzeliua) ;  and  about  .05  per  cent, 
of  the  blood.  Iron  also  exists  in  chyle  and  in  the  colorless  parts  of 
the  blood. 

HKmntoidine  (otherwise  called  xanthose)  was  first  observed  by 
Virchow,  and  is  found  in  amorphous  or  jagged  masses,  in  granules, 
in  globules,  or  in  perfectly  ftirmed  crystals.  It  always  occurs  in 
corpora  lutea,  and  often  in  old  extravasations  in  the  brain,  in  obli- 
terated veins,  in  subcutaneous  BUggiliations,  and  in  purulent  abscess 
of  the  extremities.  {Virchow.)  It  may  be  found  in  extravasations 
at  the  end  of  seventeen  to  twenty  days.  Its  crystals  are  of  a  yel- 
lowish red,  a  red,  or  a  ruby  color.  It  is  doubtless  formed  from 
hcematine,  resulting  from  the  metamorphosis  of  the  latter.  It  has 
also  been  stated  that  it  may  be  formed  from  bilifulvin  (p.  101). 

Origin. — Nothing  is  known  of  the  origin  of  haimatine.  It  exists 
in  the  thoracic  duct,  but  may  have  entereil  it  from  the  blood  in  the 
mesenteric  glands,  or  have  come  from  the  blood-corpuscles  which 
have  passed  into  the  chyle  with  the  splenic  lymph. 

Doubtless,  however,  the  htematine  is  first  formed  within  the  mem- 
brane of  the  colored  blood-corpuscles;  and  the  most  probable  hy- 
pothesis is  that  of  Lehmanu,  according  to  which  hiematine  is  formed 
from  fat,'  by  its  oxidation. 

Uses. — The  constant  occurrence  of  hromatioe  in  the  blood-cor- 
puscles of  all  the  higher  animals  leaves  no  doubt  of  its  importance, 
but  its  precise  use  is  not  yet  determined.  It,  however,  gives  to 
blood  the  color  by  which  we  may  at  once  distinguish  it  from  all 
the  other  animal  fluids.  It  has  also  been  supposed  to  be  especially 
connected  with  the  respiratory  process.  The  experiraenia  of  Briich 
and  Harless  show  that  the  inspired  oxygen  acta  on  the  corpuscles 
and  their  contents,  and,  of  course,  upon  the  hromatine;  but  what  tha 
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precise  action  is,  can  still  be  only  conjectured.  And  yet  the  idea 
that  the  hietnatine  or  the  corpuscles  are  alone  or  mainly  acted  upon 
by  the  inspired  oxygen  seems  to  be  weakened  by  the  observations 
of  Hannover,  which  show  that  chlorotic  persons,  whoso  blood  is 
poor  in  red  corpuscles,  exhale  as  much  carbonic  acid  as  healthy 
persons. 

The  probability  that  hsematine  is  finally  transformed  into  heema- 
toidine  has  already  been  shown.  From  it,  also,  melanine  is  proba- 
bly derived. 

In  connection  with  htematine  should  be  mentioned  the  red  crys- 
tala  first  observed  and  obtained  from  the  red  blood-corpuscles  by 
Funke,  and  which  Lelimann  terms  the  albuminous  crystalline  sub- 
stance of  the  blood.     Fig.  44  shows  the  form  of  these  crystals  in 


Rg.44. 


Fig.  4G. 


from  blood  of  thv  fidlntA-plf. 

human  blood,  and  Fig.  45  those  obtained  from  the  corpuscles  of  the 
guinea-pig.     They  are  not  formed  till  after  the  corpuscles  burst. 

The  relation  of  these  crystals  to  hasmatine  is,  doubtless,  important; 
they  being  the  substance  from  whose  metamorphosis  hcematine  is 
probably  produced. 

^V  4.  Melanine. 

P'  This  is  the  dark  pigment  found  on  the  choroid  coat  of  the  eye, 
tuA  in  pigment-cells  generally.  The  melanotic  deposit,  so  called, 
also  probably  consists  of  it.  Its  formula  is  not  yet  ascertained.  It 
is  certain  that  the  pigment  often  deposited  in  the  lungs  as  a  morbid 
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product  varies  much  in  composition,  and  abounds  in  carbon — 66  to 
72  per  cent.  {Schmidt,)  Melanine  occurs  in  the  black  serum  which 
has  sometimes  been  observed. 

Melanine  is,  doubtless,  derived  from  hsematine.  In  the  choroid 
coat  it  contains  .254  per  cent,  of  iron.  {Lehmann,)  It  occurs  within 
all  pigment  cells,  in  the  form  of  granules;  and  in  other  cases,  espe- 
cially in  melanotic  tumors,  it  is  also  found  scattered  among  cells  or 
tissues.  In  the  choroid  coat  of  the  eye  this  pigment  is,  doubtless, 
subservient  to  vision.  For  other  particulars,  see  the  section  on 
"Pigment-cells." 


Having  thus  completed  the  description  of  the  immediate  princi- 
ples of  which  the  solids  and  fluids  of  the  human  body  are  composed, 
we  next  enter  upon  Histology  proper. 


PART   II. 


HISTOLOGY. 


DEFINITIONS,  SUBDIVISIONS,  ETC. 

HlSTOLOGT^  is  the  scientific  classification  and  description  of  the 
structural'  or  organized  elements  of  the  solids  and  fluids  of  living 
organisms.  Since  these  elements  can  be  demonstrated  only  \)j 
the  aid  of  the  microscope,  Histology  is  one  of  the  subdivisions  of 
minute  or  microscopic  anatomy.^  It  also  includes  Histogeny,  or  the 
development  of  the  elements  just  mentioned. 

Animal  Histology,  Vegetable  Histology,  and  Human  Histology, 
are  terms  requiring  no  special  explanation.  Comparative  Histology 
is  the  study  of  the  structural  elements  of  the  lower  animals.  Pa- 
thological Histology  is  the  study  of  the  minute  structure  of  the 
organism  as  modified  by  disease. 

If  we  investigate  the  structural  elements  in  their  general  rela- 
tions only,  and  without  regard  to  their  distribution  in  particular 
parts  or  organs,  this  is  General  Histology;  if  in  regard  to  the  latter 
particulars,  it  is  Special  Histology, 

Thus  explained,  the  present  is  a  treatise  on  Human  Histology, 
both  general  and  special,  and,  at  the  same  time,  both  physiological 
and  pathological.    Thus  the  subjects  it  includes  will  be  found  to 

'  From  Urrkf  a  web  or  network,  and  x^c*  description. 

'  "Morphological  elements"  is  a  phrase  sometimes  employed  in  the  same  sense. 

*  Histology  maj,  indeed,  be  regarded  as  general  microscopic  anatomy.  If  we 
inTastigate  mioroscopicaUj  merelj  the  structure  of  a  part  or  organ,  without  anj 
ulterior  object,  this  is  tpecial  microscopic  anatomy.  And  if  we  thus  investigate 
the  structure  of  the  yarious  organs  with  the  view  to  establish  their  functions,  or 
floientificall^  to  associate  the  latter  with  the  structure,  we  are  contributing  to  the 
department  now  known  as  physiological  anatomy. 
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underlie  the  whole  domain  of  anatomy  (as  usually  taught),  and  of 
physiology  and  pathology.  OomparcUive  Histology  will  also  be  in- 
troduced, especially  so  far  as  it  gives  interest,  by  its  analogies  or  its 
contrasts,  to  the  study  of  the  tissues  in  the  human  organism. 

The  structural  elements  of  the  human  organism  may  be  arranged 
in  two  classes : — 

I.  Tfie  simple  histological  elements. 
II.  The  tissues^  properly  so  called. 

The  second  part  of  this  work  will  consist  of  three  divisions,  con- 
taining— 

I.  A  description  of  the  simple  histological  elements,  their  distri- 
bution, development,  &c. 
n.  Of  the  fluids  in  the  human  body  which  contain  histological 

elements. 
III.  Of  the  tissues,  properly  so  called. 


FIRST  DIVISION. 

THE  SIMPLE  HISTOLOGICAL  ELEMENTS. 

The  various  structural  forms  presented  to  the  histologist  in  the 
solids  and  fluids  of  the  human  body  may  be  included  under  the 
five  following  heads: — 

I.  Homogeneous  substance. 
II.  Simple  membrane. 

III.  Simple  fibre. 

IV.  Cells. 

V.  The  tissues  proper. 

All  these  are  developed  from  the  elements  in  the  blood  which 
are  required  for  their  nutrition,  and  in  a  manner  to  be  described  in 
connection  with  each. 

The  four  first  mentioned  of  the  preceding  forms  constitute  the 
simple  histological  elements,  or  elements  of  which  the  proper  tissues 
are  directly  or  indirectly  formed,  and  will  be  first  of  all  considered. 


CHAPTER   I. 


HOMOGENEOUS  SUBSTANCE. 


By  this  is  meant  a  more  or  less  solid,  structureless  substance, 
which  enters  into  the  composition  of  several  of  the  tissues.  In  a 
thin  section  it  resembles  a  mere  layer  of  solidified  albumen. 

It  often  fills  up  the  spaces  between  the  fibres  or  the  cells  of  com- 
pound tissues ;  e,  g.  cartilage  and  fibro-cartilage.  Consequently  it 
may  constitute  a  large  part  of  the  mass  of  certain  tissues.  Of  pa- 
thological epigeneses,  it  exists  in  cancer,  sometimes  forming  a  large 
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part  of  its  mass,  and  giving  it  its  hardness.  {Glugt,  p,  S7-)     It  i^ 
also,  one  of  the  elements  of  tubercle. 

From  its  structureless  appearance,  and  its  transparency  when 
seen  in  section,  it  has  also  been  termed  hyaline  sutistance.'  In  rela- 
tion to  the  other  elements  of  compound  tissues,  it  is  sometimes 
termed  a  homogeneous  Titalrie.,  in  which  the  other  elements  (cells, 
fibres,  &c.)  are  said  to  be  imbedded. 

In  some  cases,  however,  minute  granules  appear  in  this  histo- 
logical element.     Its  two  forms,  therefore,  are  the  hyaline  and  the 
granular    homogeneous    snb- 
'^"  ^^'  stance.     When  in  its  lowest 

form,  as  in  some  cancers,  it 
seems  to  be  mere  coagulated 
albumen.  In  the  tissues,  how- 
ever, the  homogeneous  sub- 
stance appears  always  to  have 
attained  to  a  higher  stage  than 
mere  albumen,  though  it  is 
very  probably  always  deve- 
loped from  that  element  in  the 
If  sutuage  o.  bigod,  FoF  example,  the  ho- 
ciDi  of  ™nii^  mogeneous  matrix  of  cartilage 
«u^  d.  crtiT coninmiBg ih™  «ii..  Ti.«gr.=u.  contains  cartilagciuc,  and  DOt 
albumen,  while  that  of  bone 
and  dentine  contains  osteine  only.  On  the  other  hand,  some  can- 
cerous deposits  afford  merely  albuminous  products  on  being  boiled, 
while  others  afford  gelatine,  and  thus  show  that  osteine  existed  in 
them.  In  the  latter  case,  however,  there  are  fibres  of  white  6brous 
tissue,  as  well  as  homogeneous  substance,  in  the  cancerous  deposit, 
and  this  tissue  may  have  afforded  all  the  gelatine  to  the  boiling 
water  (p.  98). 

Origin.— \f  the  lowest  form  of  homogeneous  substance,  whether 
granular  or  not  (as  in  cancer),  appears  to  be  simply  coagulated  albu- 
men, it  is  really  something  more^ometbing  possessed  of  vital 
endowments — in  all  the  tissues ;  though  probably  formed  from  the 
albumen  of  the  blood,  in  each  of  them,  by  assimilation. 

Funelions. — In  its  lowest  form,  it,  therefore,  hardly  does  more 
than  serve  as  a  cement  to  connect  other  histological  elemeatfi  ^ 


'  Froin  'i^>.t:,  gUsa,  il  reaoinbling  a  lamina  of  tliia  aubalauce. 
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gether ;  vhile  in  its  higher  ctevelopments,  as  in  bone,  &c.,  it  mani- 
fests the  vital  fanctions  characteristic  of  the  tisaue  of  which  it  forms 
a  part.  The  latter  are,  however,  always  of  a  low  grade,  as  mere 
nutrition  and  reparation,  since  all  the  tissues  in  which  it  abounds 
are  useful  rather  from  their  mechanical  than  their  vital  properties. 
IHatribution, — It  abounds  in  bone  and  cartilage,  and  in  the  morbid 
developments  already  mentioned. 

In  pathological  states,  homogeneous  substance  ma;  undergo  a  &tty 
degeneratioD  (  Wedl),  oil-globules  being  deposited  in  it.  Pigmentary 
substances  are  also  often  found  in  it 


CHAPTER   II. 
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SucFLS  membrane  usually  appears  as  a  very  thin,  transparent, 
and  perfectly  structureless  layer  of  coagulated  albumen  or  plasma, 
often  Dot  more  than  sGigg  of  an  inch  in  thickness.  It  is  nourished 
by  vessels  lying  near  or  under  it,  but  is  never  penetrated  by  any 
vessel,  nerve,  or,  indeed,  by  any  other  tissue  whatever.  It  is  entirely 
imperforate  at  every  part,  the  highest  powers  of  the  microscope 
sever  revealing  any  pores,  or  openings  of  any  kind.  Forming, 
therefore,  a  complete  barrier  between  the  structures  on  its  opposite 
sides,  it  has,  in  some  parts,  been  termed  a  limitary  membrane. 

The  posterior  layer  of  the  capsule  of  the  crystalline  lens  afibrda 
an  excellent  illustration  of  this  kind  of  tissue.  ^    „ 

Being  structureless  and  transparent,  it  can,  how-  ^ 

ever,  only  be  seen  when  accidental  folds  or  other 
irregularities  are  formed.  {Quecketl,  p.  116.) 

In  some  case,  however,  granules  also  appear  in 
simple  membrane;  and  in  a  third  form  of  it  dis- 
tinct spots  appear,  which  have  been  regarded  as 
nuclei ;  and  it  may  be  broken  up  into  separate 
portions,  each  containing  one  of  these.  (Fig.  47.) 
If  the  simplest  form  is  solidified  albumen  or  ,„,^^^„  „„ph.. 
plasma,  the  second  is  probably  the  same  sub-   ti«- 
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stance,  containing  granules  in  it;  and  the  third  form  is  an  instance 
of  the  development  of  scales  from  germinal  points,  or  nuclei,  as  cells 
are  normally  developed  (Chap.  IV.),  and  which  scales  coalesce  at 
their  borders  to  form  the  continuous  layer.  In  all  these  cases,  how- 
ever, it  is  organized,  and  manifests  vital  properties. 

Simple  membrane  is  found  only  in  two  conditions,  except  when 
an  element  of  the  compound  tissues,  viz.,  in  the  form  of  a  mem- 
branous expansion,  to  constitute — 

1.  Basement  membrane,  which  will  be  described  at  the  end  of 
this  chapter. 

2.  As  constituting  the  walls  of  cells,  whether  secreting,  absorbing, 
or  primordial,  &c.  &c. 

Properties  of  Simple  Membrane. — Though  the  simplest  of  the  histo- 
logical elements,  it  manifests  important  vital  properties.  Since  it 
forms  the  walls  of  cells  (secreting  and  otherwise),  simple  membrane 
is  the  direct  agent  of  secretion  in  all  cases.  It  is  also,  in  many  in- 
stances, of  absorption.    These  are,  therefore,  its  two  vital  properties. 

The  physical  property  of  endosmosis  also  inheres  in  it  in  a  re- 
markable degree* 

Distribution  of  Simple  Membrane. — The  basement  membrane  of 
the  skin,  and  of  serous  and  mucous  membranes,  is  formed  of  this 
element.  It  therefore  enters  the  lobes  and  follicles  of  all  glands. 
It  forms  the  capsule  of  the  crystalline  lens,  and  the  posterior  layer 
of  the  cornea.  It  lines  the  bloodvessels  and  the  lymphatic  vessels, 
in  the  form  of  epithelium,  if  not  of  a  basement  membrane  also. 

It  forms  the  walls  of  all  cells,  whether  blood-corpuscles,  secreting 
cells,  fat-cells,  &c.  &c.' 

As  an  element  of  compound  tissues,  it  also  constitutes  the  myo- 
lemma  of  the  muscular  fibres,  and  the  neurilemma  of  the  nerve- 
fibres  or  tubes. 

Simple  membrane  will,  therefore,  constantly  recur  in  the  descrip- 

I  By  endosmosis  is  meant  the  property  inherent  in  animal -membranes,  of  trans- 
mitting fluids  through  them.  If  two  fluids  of  different  specific  gravity  are  placed 
on  opposite  sides  of  them,  they  are  transmitted  in  opposite  directions,  and  thus 
mixed — one  current  being  termed  endosmosis,  and  the  other  exosmosis. 

'  Simple  membrane  also  forms  the  walls  of  the  cells  from  which  the  tissues  of 
vegetables  are  developed ;  it  being  identical  in  them,  it  is  said,  with  cellulose, 
C24H21O2,,  or  C^+Aqua^.  It  is  an  interesting  fact,  if  verified  by  futu^«  investiga- 
tions, that  the  vegetable  cell  is  lined  by  a  "primary  utricle"  or  cell,  identical  in 
composition  with  proteine — 1.  e.  it  is  an  albuminous  compound,  as  is  the  animal 
cell-wall. 
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tioQ  of  cells  and  of  the  various  tissues;  and,  in  connection  with 
these,  its  important  vital  relations  will  be  particularly  indicated. 

Basement  Membrane, 

A  basement  membrane  is  a  mere  expansion  of  simple  membrane 
entering  into  the  structure  of  the  skin,  and  all  mucous  and  serous 
membranes,  and  lying  directly  upon  the  corium  of  these  structures 
respectively.  It  is  itself  covered,  in  turn,  by  the  epithelium  of  the 
serous  and  mucous  membranes,  and  the  epidermis  of  the  skin.  Its 
thickness  is  often  not  more  than  lufljfjs  of  an  inch. 

Kolliker  does  not  mention  the  basement  membrane  at  all  as  an 
element  of  the  three  tissues  just  mentioned.  There  is,  however,  no 
doubt  of  its  existence  in  many  parts  of  them.  It  has  been  shown 
that  simple  membrane  presents  three  forms ;  and  Queckett  asserts 
the  probability  that  in  one  or  another  of  these,  basement  membrane 
exists  in  every  part  of  the  three  membranes  just  mentioned. 

Uses. — The  basement  membrane  is  a  complete  barrier  between 
the  vessels  and  nerves  of  the  corium  on  the  one  hand,  and  the 
epithelium  on  the  other,  being  never  perforated  by  any  structures 
whatever.  It  thus  rises  over  and  covers  the  villi  of  the  small  in- 
testine, and  the  papillsa  of  the  skin.  It  also  dips  down  into  and 
lines  all  the  sebaceous  follicles  and  sweat  ducts  of  the  latter,  and  the 
mucous  follicles  of  the  former.  Thus  it  forms  everywhere  the  basis 
of  the  epidermis  and  of  epithelium.  Whether  it  secretes  from  the 
vessels  under  it  the  plasma  from  which  the  epithelial  cells  are  de- 
veloped, is  uncertain.  This  has  been  supposed  to  be  the  fact ;  but 
this  supposition  is,  at  least,  quite  improbable. 

A  basement  membrane  is  said  by  some  to  exist  as  a  distinct 
structure  in  the  lining  membrane  of  the  bloodvessels  also.  This 
assertion  still  needs  confirmation,  though  the  presence  of  a  kind  of 
epithelium  there  suggests  the  idea  of  its  presence  also  from  analogy. 
Kolliker  asserts  the  contrary. 
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CHAPTEH    III. 


I 


SIMPLE    FIBRE. 

FlBHEB  enter  into  tlie  composition  of  some  of  the  compomid 
tissues;  and  two  of  the  simple  tissues — the  white  and  the  yellow 
fibrous  tisauea— are  formed  of  them  exclusively.  Simple  fibre  is, 
however,  aomelhing  entirely  different  from  these,  and  suatains  to 
them  no  higher  comparative  rank  than  do  the  lower  forms  of  ho- 

moveneous  substance  in  comparison 

Fig.  48.  -.u       .  ■ 

■With  ostein e. 

An  example  of  simple  fibre,  always 
easy  to  obtain  for  illustration,  is  found 
in  the  membrane  lining  an  egg-shell 
(raembrana  putaminis),  which  consists 
of  several  layers,  each  formed  by  the 
interlacement  of  simple  fibres.  (Fig. 
48.) 

Pure  coagulated  fibrine  also  consiste 
merelv  of  a  network  of  simple  fibres 
•"■"•"■  (p.  92). 

Simple  fibre  appears  always  to  consist  of  mere  threads  of  coagu- 
lated fibriue.     In  other  words,  it 
Pig-  ^^-  appears  to  be  merely  the  result  of 

the  fibrillation  of  fibrine  already 
described  (p.  93).  These  threads 
average  about  Bj'un  of  an  inch  in 
diameter.  Of  course  they  are  less 
perfectly  developed  in  the  cir- 
cumstances in  which  coagulation 
is  less  perfect  (p.  96),  On  the 
other  hand,  they  are  most  per- 
fectly developed  in  inflammatory 
e  laudations. 

The  human  chorion  appears  to 
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be  formed  at  first  exclusively  of  simple  fibrea.  These,  however, 
inibsoqueiitly  disappear,  as  its  development  proceeds. 

There  is  rea.son  to  believe  that  simple  fibrea  constitute  the  matrix 
in  which  the  tissues  generally  are  developed  duriug  embryonic  life, 
as  well  as  the  nidus  in  which  repair  takes  place  after  solutions  of 
continuity  with  or  without  loss  of  subslanoe  (p.  91). 

C«M. — Simple  fibre  is,  therefore,  not  a  permanent  constituent  of 
the  human  body.  It  must  be  regarded  as  a  merely  temporary 
element,  laid  down  as  a  framework  on  which  higher  histological 
olemeDts  may  be  developed,  and  which  then  becomes  absorbed  and 
disappears. 

In  this  way,  however,  its  relations  to  the  tissues  are  all-important. 
Since,  also,  coagulated  fibrine  consists  of  a  network  of  similar  fibres, 
they  become  the  medium  for  the  spontaneous  arrest  of  hemorrhage, 
as  before  explained  (p.  91),' 

In  pathological  epigeneses  ibnr  kinds  of  fibres  are  found :    1. 


Cleavage  fibres,  by  far  the  most 
(lammatory  exudations  after  coagula- 
tion; 2.  Fibres  of  coagvlalion,  i.e.  fonaed 
by  fibrillation  of  fibrine,  as  occurs  in 
colloid;  3.  Cell-fibres,  those  formed  in 
cells  (Fig.  50);  4.  Nuclear  fibrea,  those 
formed  of  elongated  nuclei  (Figs.  61 
and  174). 

The  first  two  forms  seem  identical 
with  simple  fibres.  Nuclear  fibres  are 
the  embryonic  form  of  the  yellow 
fibrona  tissue. 

Fig.  61. 


of  all,  which  occur  in  i 


«  eUitlc  ipinU  fibre  in  the  tracheae  of  iniects  is  probalily  nnra  fliinple  flbr« ; 
a  fltire  fonnd  in  the  nir-v^ssels  of  plitnl4  preseots  a  utinilnr  nppnrnnop. 
h  of  diirarent  nbemicftl  aompoBilion. 
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That  fibres  of  auj  kind  are  ever  formed  by  the  mere  conjunction 
of  nuclei,  must  be,  for  the  present,  regarded  as  very  improbable. 
Simple  fibres  are  found  as  a  permanent  development  in  & 
membranes,  so  called,  as  shown  by  Fig.  52. 


CHAPTEH  IV. 


CYTOLOGY.- 


i 


The  description  of  the  cells  (and  their  development  and  fanction), 
from  which  the  tissues  are  originally  formed,  constitutes  the  depart' 
ment  of  histology  termed  Cytology.'  These  are  closed  vesicles, 
usually  of  a  globular  form,  varying  from  jj^  to  ao'05  of  an  inch  in 
diameter,  and  conabt  of  the  five  following  structural  elements: — 

1.  The  cell-wall. 

2.  A  contained  fluid. 

3.  Granules  floating  in  the  fluid, 

4.  A  nucleus. 

5.  A  nucleolus. 


howUg  Ibe  cell.meiBbnuic,  Um 
looLiu.     1  snil  3.  Tht  irplcU 


1.  The  cell-wall  is  formed  of  simple  membrane,  and,  of  course,  is 

an  albuminous  compound,  but  is  not  fibrine.   Though  varying  much 

in  thickness  in  diflTerant  instances,  it  presents  nothing  peculiar.     It 

?  soluble  by  acetic  acid.     The  walls  of  epithelial  cells, 

however,  are  not  thus  dissolved  after  they  become  corneous,  thouj 


'neous,  though 
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they  are  while  young;  and  the  same  is  true  of  most  pathological 
eeUs.  The  wall  of  the  coloretl  blood-corpuscle  is  uot  dissolved  by 
acetic  acid ;  but  most  observers  regard  these  bodies  as  nuclei,  and 
noi  as  cells. 

2.  The  Jiuid  contained  in  the  cells  is  almost  invariably  trans- 
parent, or  nearly  so.  In  the  blood-corpuscles,  however,  it  is  of  a 
bright  red  color.  In  chemical  composition  it  varies  extremely, 
being  usually  an  albuminous  compound — in  part,  at  least.  It  is 
not  so,  however,  in  the  epithelial  eel  Is  of  glands ;  and  in  the  cells  of 
adipose  tissue  it  consists  of  margarine  and  stearine  dissolved  in 
olcioe  (p.  76.)  The  cells  of  the  epidermis,  and  of  nails,  horn,  and 
hoofs,  contain  keratine  and  fat;  and  those  of  the  epitbolium  on 
mucous  membranes  generally  contain  mucosine,  but  no  albumen. 

8.  The  grantiies  floating  in  the  Huid  contained  in  the  cells  are 
often  in  immense  number;  are  rounded  corpuscles,  so  minute  as 
hardly  to  admit  of  being  meaanred  ;  and,  in  most  instances,  have 
no  investing  membrane.  This  is  tbe  case  with  the  fatty  granules 
in  many  cells  and  glandular  secretions,'  they  bemg  merely  fat-glo- 
buled.  ^he  granules  giving  the  color  to  the  pigment-cells  have 
also  no  investing  membrane. 

In  other  cases  the  granules  have  an  investment,  and  are  termed 
elementary  vesicles  (more  properly  called yVee  nuclei);  e.g.  milk- 
globules  are  originally  such  granules  of  fat,  with  an  investment  of 
caseiae  in  the  form  of  a  simple  membrane  (p.  89),  and  contained. 
within  the  secreting  cells;  and  the  molecules  floating  in  chyle  and 
blood  are  mere  fat-granules  with  an  albuminous  inveetment.   (J/u/- 

T.  Wharton  Jones  regards  the  colored  blood-corpuscles  of  man 
and  the  mammalia  as  elementary  vesicles,  or  free  nuclei,  except 
while  in  the  parent  cells  (the  colorless  corpuscles  of  the  blood)  in 
which  they  were  formed.  Neither  of  these  two  kinds  of  floating 
granules  just  mentioned  (milk  globules  and  blood-corpuscles)  in- 
crease in  size  when  once  formed,  nor  do  they  multiply  by  subdi- 


I 


'  Aa  Iha  gTuinlat  prvoiiritateB  of  tbe  ooloring  matter  of  thq  Ijils.  Add  to  these, 
■Iso,  tba  albaminata  gnmuIeB  in  certain  portiotia  of  the  gra;  Bubstanue  of  tbe 
oerBbfo-spiaal  oelilre,  &Dd  of  tbo  retina. 

■  AachunoD  diicDTered,  is  1S40,  that  wbonevor  fluid  Crit  and  fluid  albumeu  are 
tiMkan  togetlwr,  tlie  ftit-globataa  thas  formed  are  alwajra  surrounded  b;  au  albu- 
Ddoou*  ooat.  Ha  termed  this  tbe  haplBgtn  membrane.  It  is  the  result  of  mere 
d  aclion,  and  exhibits  no  vital  endowment  obataTer. 


116  SIMPLE   HISTOLOGICAL   ELEMENTS. 

vision  or  by  eudogenoua  development.  {KoUiker,  p.  12.)  Thns  they 
incline  towards  merely  inorganic  forma,  as  produced  by  crystal- 
lization. 

It  abould  be  added  that  in  some  cells  no  granules  exist,  but  only 
a  clear  fluid,  as  in  caao  of  the  fat-cells  and  the  colored  blood-cor- 
puscles. 

4.  The  nucleus  is  a  globular  or  lenticular  body,  measunng  from 
Bi/oD  ^0  lo'oo  °f  ^n  inch.'  It  is  attached  to,  or  imbedded  in,  the 
wall  of  the  cell,  except  in  case  of  the  free  nuclei  already  mentioned, 
which  have  escaped  from  the  parent  cell,  and  have  no  nucleoli ;  and 
is  transparent  and  of  a  yellowish  color.  All  nuclei  are  themselves 
vesicles.  The  contents  are,  besides  a  nucleolus  usually  present, 
almost  invariably  a  yellowish  or  transparent  fluid;  and  in  this  both 
water  and  acetic  acid  pi-ecipitate  the  same  dark  granules  whiob  are 
found  floating  in  the  cells. 

Acetic  acid,  however,  renders  the  nucleus  more  visible,  while  it 
dissolves  the  cell-wall.  But  the  pus-corpuscle,  which  Gluge  incor- 
rectly regards  as  a  mere  nucleus,  is  dissolved  by  this  acid. 

Sometimes  this  vesicle  (the  nucleus)  contains  formed  granules, 
as  the  spermatic  filaments  (spermatozoids)  in  semen  (Fig.  54),  and 
peculiar  granules  (germinal  spots)  in  ova  (Fig,  55).  The  germinal 
spot  is  actually  a  nucleolus  within  the  germinal  vesicle,  the  latter 
being  the  nucleus  of  the  ovum. 


Fig.  54. 
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ibranous  wall  of  the  nuclei  is  certainly  an  albuminous 
and  probably  but  little,  if  at  ail,  different  from   the 
'cell- membranes.  Generally  the  granules  within  it  are  mere 
globules  of  fat,  like  those  floating  in  the  cell. 

Nuclei  are  found  in  all  cclU  of  etDbryos,  and  in  adults  also  while 
cells  are  still  young ;  though  in  some  cases,  as  in  the  fat-cell, 
!y  subsequently  disappear. 

Gcuorally  but  a  single  nucleus  eixists  in  each  cell;  but  when  a 
>36U  is  multiplying,  aa  many  nuclei  arise  as  there  are  new  cells  to  be 
formed. 

In  some  cases,  however,  several  nuclei  naturally  exist;  four,  ten, 
twenty,  or  even  more,  nuclei  being  found  in  the  same  cell.  This  is 
especially  the  case  with  cancerous  and  other  rapidly  developed  ma- 
lignant growths. 

Free  nuclei  also  take  part  in  the  formation  of  certain  tissues — ob 
in  the  rust-colored  layer  of  the  cerebellum,  and  in  the  granular 
layer  of  the  retina. 

Thus  a  nucleus  is,  histologically,  an  embryo  cell. 

Pathohjical  Developments  of  Nuclei. 

1.  The  characteristic  structure  of  tubercle — tubercle-corpuscles — 
consists  of  mere  nuclei  inclosing  n  udeoli,  there  being  no  cells  in  this 
deposit.  The  other  element  of  tubercle  is  an  amorphous,  semi-solid 
hyaline  substance,  which,  in  the  opaque  or  yellow  variety,  but  not 
in  the  gray  or  transparent  tubercle,  contains  granules  also  (p.  108). 

The  nuclear  bodies  of  tubercle  are  usually  oblong,  polyhedral, 
averaging  jj^j  of  an  inch  long,  and  jsVf  "^^  ^^  iach  wide.  They 
consist  (1)  of  a  delicate  transparent  membrane,  with  (2)  a  transpa- 
rent, colorless,  or  faintly  ambreons  fluid,  containing  (3)  granules,  and 
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(4)  two  or  three  to  a  dozen  scattered,  globular,  transparent  nucleoli. 
(FigB.  58,  57,  and  68.) 

Tubercle- cor puaoles  are  distinguished  from  those  of  pus,  from 
being  sraalier,  less  granular,  aad  not  having  their  nucleoli  aggre- 
gated. Acetic  acid  also  slightly  affects  their  nucleoli ;  while  it  must 
often  be  applied  to  the  nucleoli  of  pus-corpusclea,  to  render  them 
visible.  The  peculiar  nuclei  of  cancer  are  distinguished  from  those 
of  tubercle  by  being  larger,  regularly  oval,  or  not  unfrequently 
spherical,  and  from  containing  only  one  or  tWo  nucleoli. 

As  seen  under  the  microscope,  typhous  and  scrofulous  deposits 
are  not  to  be  distinguished  from  tubercle. 

Chemical  analysis  of  the  solid  matter  of  tubercle  gives  the  follow- 
ing result.  {Prevss.)  Scherer,  however,  finds  that  tubercle  varies 
much  in  composition  in  difiersnt  cases. 

1,  ifallers  soluble  in  hot  alcohol. 
Choleaterine         ......         4,94 


2.  Matters  soluble  in  cold  alcohol,  but  not  in  water. 

Oleate  of  soda 13.50 

S.  Matters  soluble  in  dilute  alcohol. 
A  peculiar  substance  ) 

Lactate  and  sulphate  of  soda  [    .        .        .        8.46 
Chloride  of  sodium  j 

4.  Matters  soluble  m  water. 
Caseine' 

Sulphate  and  phosphate  of  soda 
Chloride  of  sodium 

5.  Matters  insoluble  in  cold  water  and  alcohol. 
Caseine'  altered  by  heat 
Phosphate  and  carbonate  of  lime 
Oxide  of  iron,  magnesia,  and  sulphur 

99.91 
In  cretaceous  transformation  of  tubercles,  the  salts  of  lime  espe- 
cially become  increased.  The  small  amount  of  fat  existing  in  tu- 
bercle has  already  beeo  alluded  to  (p.  78).  In  a  gray,  well-driwl 
tubercular  mass,  Lehmann  found  but  3.64  per  cent,  of  fat.  The 
oholesterine  should  not  be  regarded  as  fat. 

2.  The  exudation-corpuscle  (inflammation -corpuscle  of  Glnge)  con- 
sists of  a  group  of  ten  to  forty  or  more  granules,  held  together  by 
a  coagulated  albuminous  matter,  soluble  in  acetic  acid.    These  mul- 
berry-like bodies  are  also  called  granule-cells  and  glomeruli. 
They  measure  from  j^'^,  to  jJn  of  an  inch  in  diameter. 


'  Ad  albuminooB  oompoiiud,  but  not  caasiuu.  (ZrvAni 
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are,  however,  not  peculiar  to  inflammation,  but  appear  in  the  colos- 
trum and  in  the  egg.  They  are  regarded  as  free  nuclei,  and  are 
represented  by  Fig.  59, 


5.  The  nucJealus  is  a  round,  sharply  defined,  fat-like  granule, 
generally  of  a  dark  color,  and  measuring  jjinn  ^  so'ob  of  an  inch' 
in  diameter.  It  ia  inferred  that  they  are  vesicular,  from  their 
sharply  defined  form,  from  their  similarity  to  free  nuclei,  and  from 
the  fact  that,  when  large,  a  cavity  filled  with  fluid  frequently  be- 
comes developed  in  them.     Acetic  acid  does  not  dissolve  them. 

They  are  believed  to  be  constituted  of  fat,  with  an  albuminous 
compound  for  the  investing  membrane. 

JTucleoli  are  generally  found  in  nuclei  while  still  young,  and  in 
many  during  their  whole  existence.  Still,  they  cannot  be  regarded 
as  an  essential  constituent  of  the  call,  like  the  nucleus,  since  they 
cannot  always  be  with  certainty  recognized  in  the  latter.  Cells 
without  nuclei,  of  course,  have  no  aucleoli. 

Usually  but  one  nucleolus  is  found  in  a  nucleus,  but  frequently 
there  are  two;  and  in  solitary  cases  four  or  five  may  be  found, 
wHch  then  are  either  eccentric,  or  lie  free  in  the  nucleus. 

A  nucleolus  is,  therefore,  histologically,  an  undeveloped  nucleus; 
and  since  both  nucleoli  and  nuclei  contain  fat,  and  the  free  granules 
in  cells  consist  of  it  usually,  in  part  at  least,  fat  is  always  indie- 
peosable  in  the  plasma  from  which  cells  are  developed.  On  the 
other  hand,  there  is  no  evidence  that  JUmne  exists  in  the  cell-wall 
or  the  contained  fluid.  All  agree  that  the  former  is  an  albuminous 
snhatance. 

That  fibrine,  therefore,  is  the  only  plastic  element  in  the  blood,  is 
higMy  improbable.  The  remark  of  Gluge,  that  "the  formation  of 
Sbres  and  cells  from  fibrine  is  a  matter  of  direct  observation,"* 


I 


'  In  gsnglion-oelljt,  nnd  in  the  germinal  BpoU  of  o 
*  PftUtDlogickl  BiitolDgjr,  p.  BO, 
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might  seem  to  settle  this  question  otherwise;  but  it  apparently 
does  not  occur  to  this  observer  that  the  plasma  under  his  micro- 
scope is  not  fibrine  alone,  but  the  liquor  saDguiois,  and  therefore 
ODiy  about  ^Jg  part  fibrine. 

Hence,  while  the  formation  of  fibres  and  cells  is  a  matter  of  direct 
observation,  the  assertion  that  cells  are  formed  from  fibriue  ia  a 
mere  assumption,  which  we  cannot  accept  oven  on  this  high  autho- 
rity without  proof.  This,  up  to  the  present  time,  is  entirely  want- 
ing. All  the  facts  hitherto  presented  point,  on  the  other  band,  t-J 
the  inference  that  the  albumen  of  the  blood,  and  not  the  fibrine,  ia 
iiiepabulvm  of  the  cells  whose  structure  and  composition  have  just 
been  specified.     (See  also  pp.  86  and  91.) 


'ix»^H 


Development  of  Cells  {Cyloginy'). 
Cells  are  developed  in  two  ways — 
I.  Directly  from  the  plasma  (p.  95,  X.),  without  the  aid  of 

existing  cell :  free  cell -development, 
n.  From  other  cells. 

A,  Within  them:  endogenous  cell-development. 

B,  By  their  suhdivmon  into  two  or  more  cells:  Jissi 

cell-development. 

I.  Free  Cell-development. 

Free  cell-development  occurs  in  the  case  of  the  chyle  and  lymph- 
corpuscles,  of  the  cells  of  certain  glandular  secretions,  of  the  sperm- 
atic cells,  of  ova,  the  cells  in  the  closed  follicles  of  the  intestine  and 
of  the  lymphatic  glands,  and  in  the  corpuscles  and  pulp  of  the 
spleen. 

The  nucleus'  of  a  cell  is  always,  according  to  most  observers,  the 
part  first  developed.  Granules  first  appear  in  the  clear  plasma, 
some  of  which  increase  in  size,  and  assume  the  form  of  a  minute 
vesicle,  the  nucleus  of  the  future  cell.  On  the  addition  of  water  to 
this,  granules  become  apparent  in  its  interior,  and  one  of  these, 
larger  than  the  rest,  appears  to  be  the  nucleolus.     Around  the  nu- 

'  From  (ilrsc,  s  cell,  and  yi'•K^  deHcent,  prodaction. 

'  Bevoe  the  nocleiu  is  eomutlmea  lenned  &  cylobtasl — t.  e.  a  cell-germ — bam 
■irw,  coll,  and  flxajT«,  a  garm  or  shoot. 

The  word  ryfob/iulerna  la  also  applied  to  theflaid  in  and  from  vhicli  tho  cells  are 
formed.     Blaittma  laeaiia  the  materiaU  fh»n  wliioh  genua  are  dsTeloped. 
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cleus,  as  is  generally  slated,  the  cell-membmnB  is  developeil,  ucd 
thus  the  cell  ia  completed. 

But,  admittiug  the  preceding  account  to  lie  correct  In  particulai' 
cases,  another  explaoalioQ  of  the  process  certainly  applies  in  some, 
and,  it  is  believed,  in  most  instances.  It  is  thus  expressed  by  Dr. 
Bamett  as  being  usual  in  animal  tissues,  at  least: — 

PI.  A  primordial  utricle  appears  in  the  clear  plasma. 
2.  It  expands  into  a  clearly  seen  vesicle. 
8.  A  partial  condensation  occurs  of  its  liquid  coDtents  towards 
tbe  centre,  giving  rise  to  a  new  utricle,  coniititutiag  the  nucleus ; 
tbe  whole  thus  forming  the  complete  nucleated  cell.' 

When  we  consider  that  the  nucleus,  the  nucleolus,  and  the  primary 
utricle  are  all  vesicles,  or  minute  cells  already  formed,  we  may  well 
admit  that  either  the  utricle  or  the  nucleus  may  be  first  formed,  and 
in  time  become  a  larger  cell;  and  it  atiU  admits  of  question  whether, 
in  the  hist  instance,  the  cell  is  not  formed  by  mere  enlargement  of 
the  nucleus,  instead  of  around  it.  But,  doubtless,  a  cell,  while  being 
developed,  may  also  develop  a  nucleus  within  it,  precisely  as  a 
nucleus  develops  wtthin  itself  a  nucleolus. 

The  most  satisfactory  view  of  the  subject  appears  to  be  the  fol- 
lowing; it  being  understood  that  only  those  cells  are  now  under 
considcratioD  which  are  formed  in  &  clear  plasma,  and  not  those 
formed  from  other  cells. 

No  suSicient  reason  appears  why  a  primary  utricle  may  not  be, 
in  all  cases,  as  easily  formed  in  a  clear  plasma  as  a  nucleus  can; 
and  if  this  becomes  a  cell  in  one  instaiioe,  and  then  forms  a  nucleus 
within  itself,  it  is  hardly  probable  that  a  nucleus,  on  the  other  band, 
is  first  formed  in  other  instances,  and  then  forms  a  cell  around  itself. 
It  is  far  more  probable  that  the  first  cells  are  formed  in  a  clear 
plasma  without  the  aid  of  a  nucleus,  they  being  merely  fully  de- 
veloped primary  utricles;  true/ree  ceW-formation  always  proceeding 
in  this  way.  The  second  generation  of  cells  may  be  formed  from 
the  nuclei  in  the  first,  or  not;  but,  if  so,  it  is  endogenous  formation, 
and  not  tbe  form  of  development  here  under  consideration.  If  all 
the  cells  of  any  given  kind  are  to  be  formed  by  free  cell-develop- 
ment, however  (as  the  chyle-corpuscles),  then  we  see  no  advantage 
at  all  in  their  containing  nuclei,  Tbe  fact  that  any  cell  contains  a 
DQcleus  evinces  a  power  of  producing  another  cell  by  endogenous 


'  PrU»  EatMj,  Tmnsscti 
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formation ;  though  here,  also,  it  may  still  be  a  (Question  whether  the 
Qucleua  itself  becomes  the  future  cell,  or  whether  it  forms  the  new 
cell  around  itself,  as  is  generally  asserted.' 

If,  in  any  case,  but  a  single  generation  of  cells  is  required,  for 
the  reason  that  the  original  ones  are  to  remain  unchanged  in  the 
organism,  no  nuclei  are,  of  course,  needed,  if  we  still  maintain  that 
the  nucleus  exists  merely  to  develop  another  cell.  Some  have 
placed  the  fat-cells  in  this  category,  though  incorrectly,  as  will 
appear.    (Chap.  V.) 

In  the  ovum  alone  (so  far  as  is  known)  a  layer  of  semi-solid 
plasma  is  interposed  between  the  nucleus  and  the  cell-membrane, 
and  entirely  incloses  the  former.  (Fig.  55.) 

In  pathological  productions,  free  cell-development  is  very  common. 
Pus-cells  and  exudation-cells  (or  corpuscles)  are  thus  formed.  This 
method  of  development  of  epithelial  cells,  and  of  those  of  which 
nails  and  horn  are  formed,  is,  however,  rather  assumed  by  authors 
than  established  by  proof. 

II.  DevehpmerU  of  Cells  from  pre-existing  Celh. 
A.  Eiidogenoiis  Cell-development. 

The  most  frequent  form  of  endogenous  cell-development  is  that 
in  which  two  secondary  cells  are  produced  within  the  original  one. 
Here,  in  the  first  place,  the  nucleus  of  the  parent  cell  enlarges,  and 
exhibits  two  nucleoli;  then  it  becomes  elongated,  and  constricted 
in  the  middle,  and  at  last  separates  into  two  portions.  Each  of 
these  becomes  the  nucleus  of  a  new  cell,  and  the  two  nucleated  cells 
ihus  formed  at  length  fill  up  the  interior  of  the  parent  cell.  (Figa. 
00  and  61.)  The  parent  cell  may  burst  and  set  free  the  secondary 
cells,  or  continue  to  enlarge  till  several  generations  have  been  thus 
developed  within  it.  On  the  other  band,  it  may  coalesce  with  the 
substance  which  unites  the  cells  as  a  matrix. 

This  mode  of  development  in  persistent  parent  cells'  occurs  in  the 
cartilages  of  all  young  animals,  and  very  probably  during  the  de- 
velopment of  the  tissues  generally,  in  their  embryonic  state.  {Kbl) 

Thus  the  nucleus  existing  in  a  cell  is  the  germ  which  is  to  be 
developed  into  the  cell  of  the  next  generation^ — that  of  which  the 


'  The  blind  adherenoe  hitherto  t«  the  obaerTntiona  upon  cell-developiueiiLi  of 
Schwann  and  Schleiden,  Iiiu  relunled  tha  progrt^BB  of  liistological  Bcieni^e,  and  the 
whole  sabjeot  demands  in vea ligation  dt  novo. 

>  Casiliea,  rather.     See  Chap.  VI. 
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first  18  the  parent;  while  the  nucleolus  bears  the  same  relation  to 
the  nucleus  that  the  last  does  to  the  original  cell,  i.  f.  it  is  to  be  de- 


veloped into  the  third  generation — the  cell  of  which  the  second  is 
the  parent.  While  the  nucleus  is  forming,  it  develops  within  itself 
the  nucleolus;  and  while  it  is  ^_  ^ 

becoming  the  second-genera- 
tion cell,  the  nucleolus  becomes 
a  QacleuBjatidjin  its  turn,  forms 
a  nucleolus  within  itaelf.  Thus 
the  nucleus  itself  becomes  the 
next  cell,  though  it  is  not  hero 
userted  that  it  in  no  case  forms 
a  oellanmTuf  itself.  Hence,  also, 
if  a  celt  has  never  contained  a 
QDcleus,  it  is  iteclf  called  a  free 
nueieua,  aa  we  have  seen,  or  an 
elementary  vesicle.  It  is  not, 
physiologically,  a  cell,  and  has 
no  power  of  multiplication. 
Socb  are  the  corpuscles  of  tu- 
bercle, and  the  colored  corpus- 
cles of  the  blood  (p.  115).  These 
may  or  may  not  contain  nu- 
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cleoli,  and  are  developed  either  in  a 
or  within  pre-existing  cells. 

In  the  fecundated  ovum  tlie  formation  of 
cells  ia  preceded  by  a  peculiar  prcKiess — tLe 
cleavage  orsegmentalionofthe yolk — which 
is  introductory  to  an  endogenous  cell-deve- 
lopment. The  nucleus  of  the  parent  cell  (i.  e. 
the  germinal  vesicle),  Fig. 56,  disappears  after 
fecundationiand  the  granulesbecome  dispers- 
ed and  fill  the  whole  cell.  Anothernucleusis 
then  developed  around  a  nucleolus,  and  the 
yolk  forming  around  it,  in  a  globular  form, 
constitutes  the  first  cleavage-mass.  From 
this  nucleus  two  others  are  formed,  as  before 
described,  and  then  two  cleavage-masses  re- 
sult; aud  thus  the  multiplication  proceeds 
till  the  cavity  of  the  yolk  is  filled  with  small 
globules.  Lastly,  the  latter,  either  together 
or  iu  successive  layers,  are  surrounded  with 
investing  membranes,  and  thus  become  per- 
fect cells — the  parent  cell  still  persisting, 
and  inclosing  them.  Figs.  62  and  63  illus- 
trate this  process,  and  also  show  spermato- 
zoids  on  the  outer  surface  of  the  vitellus  or 
yolk. 

iiaiTsi.  *.  gubdivLjiiiii  uf  ?Kh        Genenillj,  the   development   of  a   large 
h»if  Into  iwo,  c.  Fntthot  .ub-   jjunjtjgf  pf  Qgjig  within  a  single  parent  cell 

dlTlilDd,    prodDdni    Dumuoni  °        r 

■■gmwta.  occurs  only  in  structures  of  a  rapid  growth, 

Fig.  83. 
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wbicli  do  not  form  a  permanent  part  of  the  organism;  such  as 
graniiltitions  and  cancerous  or  other  malignant  growths  which 
undergo  a  speedy  degeneration.  (Fig.  64.) 


Fig.  04. 


Fig.  85. 


I 


The  vital  force  is,  as  it  were,  exhausted  ""  "^''^ 
bj  this  rapid  mulliplicntion, so  that  tbo  cells  iup,u.ai  oi  tu  iKnUac  »u> 
thus  formed  are  incajiable  of  further  devc-  ^'^"  "'"  ■"'"' *' '"  Y'"""* 
lopment,  while  the  slow  method  by  duplica-  irti-nniDf. 
lion  may  proceed  to  any  extent.  lu  glandu- 
lar follicles,  however,  this  rapid  multiplication  of  cells  "may  often 
bo  recognized,"  for  each  of  the  terminal  ccoca  or  follicles  is  regarded 
as  a  single  parent  cell  with  a  persistent  nucleus  (germinal  centre] ; 
•ad  it  appears  that  the  materials  of  secretion  are  eliminated  from 
blood  by  the  continual  developnaeot  of  young  cells  from  this 
IB.  (Fig.  65.) 


•ad  It 
^^blo 


B.  Fiasiparous  Cell-detflopnunl,  or  that  ly  Diinsion. 

In  the  multiplication  of  celts  by  division,  the  original  cell  Orst 

beoomes  elongated,  and  two  nuclei  are  developed  from  the  original 

onclcus,  by  division,  apparently,  as  before  described.    The  cell  then 

becomes  conslrieled  at  the  middle,  and,  the  nuclei  receding  from 
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each  other,  it  finally  separates  into  two  distinct  nucleolated  e 
In  the  blood-corpuscles  of  the  chick,  all  the  stages  of  this  process 
can  be  readily  observed. 

This  development  of  cells  by  bipartite 
division   occurs   in   the  red  blood-cor- 
puscles of  the  embryos  of  birds  and 
mammalia,  and  in  the  first  colorless  cor- 
puscles of  the  tadpole.  (Fig,  66 )   It  also 
occurs,  probably,  in  the  colorless  blood- 
corpuscles  of  the  human  embryo,  and, 
pi«iwdi^.ioB.  (rriita-o'  "      sometimes   at   least,   in   the    chyle-cor- 
puscles of  adult  animals.    (ffoV/i'ier.) 
It  is  also  constantly  observable  in  the  development  of  cartilage 
(Figs.  67  and  46),  and  here  th-e  division  may  be  bipartite,  tripartite, 


t 


j;: 


2  tetra partite. 


Fig.  67. 


^' 


The  Physiology  of  Cbli^. 

Under  this  head  will  be  considered — 

A.  The  growth  of  cells. 

B,  Their  physiology  proper,  including  the  nature  of  their  contents, 

and  the  processes  performed  by  them,  ^M 

A.  The  Growth  of  Cells.  ^[ 

Growth,  doubtless,  occurs  in  all  cells,  to  some  extent.    It  is,  How- 
ever, most  manifest  in  cases  when  the  cell-membrane  is  formed 
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directly  around  the  nucleus.  But  cells  which  from  the  first  have 
contents  (the  cell -membrane  in  these  casea  forming  arouud  masses 
investing  the  nucleus),  increase  very  slightly  in  size. 

The  nucleus,  and  nucleolus  also,  usually  increase  in  size  with  the 
cell;  but  the  nucleoli  always  retain,  their  globular  form,  except 
when  dividing  fisaiparou-ily. 

In  cell-growth  there  is  an  increase  either  of  the  surface  or  of  the 
thickness  of  the  cell-wall,  and  this  increase  may  be  either  general 
or  partial.  It  is  general  when  the  cell  grows  larger  without  change 
of  form;'  partial  when  the  cell  changes  its  form  by  extending  itself 
at  two  or  more  points.  Carpenter  thinks  this  extension  takes  place 
in  the  direction  of  the  least  resistance;  but  its  cause  is  not  demon- 
strated. In  some  cases  the  cell  becomes  narrower  as  it  elongates ; 
and  here  we  must  admit  that  absorption  occurs  in  one  direction 
while  deposition  goes  on  in  the  other. 

The  [tower  of  growth  does  not  appear  to  be  simply  innate  in 
every  organic' membrane,  and  therefore  manifesting  itself  wlienever 
formative  material  is  presented,  but  it  requires  certain  conditions 
which  the  cell-membrane  alone  affords.  The  nuclei,  when  free, 
never  grow  to  any  considerable  extent,  and  especially  not  in  one 
particular  direction.* 

B.  The  ^future  of  the  Omtoito,  and  the  Fuwtiom  of  Cells. 

Usually  the  cmtents  of  a  cell  may  be  regarded  as  a  "moderately 
concentrated  solution  of  albuminous  elements  with  alkaline  and 
earthy  salts,  and  dissolved  or  suspended  fatty  particles,"  Different 
cells,  however,  differ  greatly  in  this  respect ;  some  one  of  these  con- 
stitnenta  greatly  prcdomioating  in  some,  while  in  others  altogether 
different  substances  may  be  found.  The  nerve-cells  abound  in  albu- 
minous elements;  adipose  cells,  and  those  of  the  sebaceous  follicles 
and  of  milk -glands,  in  fat;  while  in  certain  other  cells,  bsematine, 
melanine,  or  biliary  or  urinary  constituents,  abound. 

The/wictione  performed  by  cells,  as  inferred  from  the  phenomena 
manifested  by  their  contents,  may  be  specified  under  the  heads  of 

'  According  ta  Bclnraan,  the  cell.iiiembrBiiie  exerts  ui  attmcIiTe  inflnence  apoQ 
Um  inmiutiding  daid,  tnd  oaoBes  the  depoailion  of  newt;  fonaed  particles  \a  ilt, 
■olMUiice  ;  Mid  partial  growth  ocourB  when  the  moleculeBdo  Dot  all  allrsct  equally, 
trni  valjr,  oi  more  patticalarl;,  at  oerlaiti  points. 

'  Tha  aaolat  La  the  bair-palp,  tooth.pnip,  areolar  tiasne,  and  smooth  mascnlat 
An,  bowsvcr,  grow  in  ooe  direction,  to  a  coDBidarable  extent,  these  not  being 
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absorption,  secretion,  and  contraction.  These  vital  actions  depenT 
much  on  physical  and  chemical  conditions,  and  may,  to  a  great 
extent,  be  subjected  to  microscopic  inveatigation. 

1,  Alisorption  must  be  distinguished  from  mere  endosmosia,  since 
the  nutrition  of  the  cell  (a  vital  and  not  a  mere  physical  process), 
depends  on  the  former,  and  some  of  the  constituents  of  ibe  anr- 
rounding  fluid  are  introduced  through  the  cell- membrane,  while 
the  rest  are  rejected.  Thus  the  contents  of  all  cells  are  chemically 
different  from  the  aarrounjing  cytohlastema.  For  instance,  the 
hlood- corpuscles  contain  more  potassa  than  the  liquor  sanguinis. 
Doubtless  the  chemical  composition  of  the  cell-contents  and  the 
surrounding  fluid,  and  the  thickness  of  the  cell-membrane,  also 
exert  an  influence  on  this  process;  nor  must  endosmosis  be  enlirelj 
overlooked  in  this  connection,  since  cells  are  known  to  dilate  in 
diluted,  and  to  contract  in  concentrated  solutions. 

The  vital  processes  in  cells  produce  changes  both  in  their  walls 
and  in  their  contents.  The  membranes  generally  become  denser, 
and  of  a  different  chemical  constitution,  with  age;  though  whether 
the  membrane  itself  changes  chemically,  or  an  incrustation  of  salts 
occurs  within,  or  a  deposit  on  the  exterior,  are  points  not  con- 
clusively settled. 

The  changes  in  the  cell-confetits  are  various.  The  primordial  cells 
of  the  embryo,  at  first  distended  with  the  elements  of  the  yolk, 
especially  with  oil,  gradually  acquire  more  fluid  and  homogeneous 
contents,  the  granules  becoming  dissolved.  Then,  as  development 
proceeds,  various  new  formations  appear  in  the  cells,  as  hajmatine, 
raelanine,  fat,  &c.  But  changes  in  cell-contents  occur  in  adult  ani- 
mals also.  Fat-cells,jn  great  deficiency  of  their  nutritive  elements, 
may  lose  their  proper  contents,  and  contain  mere  serum ;  or,  in  case 
of  a  superfluity  of  nutriment,  they  may  even  burst  from  fulness:' 

The  lymph-corpuscles  also  develop  the  coloring  matter  of  the 
blood  and  the  colored  corpuscles,  within  them ;  and  the  cells  which 
secrete  the  bile  undergo  marked  changes  in  their  contents.  [Kolliker.) 

Changes  in  ihe/orm  of  the  cells  accompany  the  preceding  alt«ra- 


'  Donders  hna  aacertained  that  the  cell-memhrnnes  sre  elaatio,  anii  the  oi 
will  snffpr  a  grenler  or  a  leas  presanre,  according  lo  their  amount.  This  elasti«hj 
may  condnce  to  the  mainwnance  or  a  regnlar  interchRBgB  of  auhstaaoes  hi  the  ex- 
oratiTB  and  absorptive  processes,  .\t\ii  the  greater  densilv  of  the  cell -con  tea  Is  tliut 
ot  the  gnrrooniiing  cjloblastema  niny  be  due  to  the  fact  that  they  «re  alwmys 
nnder  greater  pressure. 
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tions  in  the  contents,  such  as  thickening  of  the  membrane  with 
laminated  depositions,  as  in  cartilage,  and  with  the  formation  of 
minute  canals;  while  within,  also,  the  granules  may  be  precipitated, 
fat-drops,  elementary  vesicles,  concretions,  crystals,  or  nuclei  may 
be  formed,  and  molecular  movements  may  occur. 

The  nucfei  rarely  participate  in  these  changes,  though  they  some- 
times become  clear  in  consequence  of  the  liquefaction  of  their  viscid 
contents.  Very  rarely  granules  are  developed  in  them ;  and  in  cer- 
tain animals,  "urticating  threads"  and  spermatozoids  are  developed 
in  nuclei.' 

2.  The  process  of  secretion  is  manifested  by  cells  in  two  ways: — 

First.  Their  contents  consist  of  substances  received  from  with- 
out, unaltered,  or  slightly  so;  as  in  case  of  epithelium-cells,  espe- 
cially of  serous  membranes,  and  the  cells  of  those  glands  which 
simply  separate  certain  substances  from  the  blood — e.g.  the  lachry- 
mal glands  and  the  kidneys.  {Kolliker.) 

Secondly.  The  cell-contents  include  substances  prepared  within 
the  cell;  as  the  colored  blood-corpuscles,  fat-cells,  the  bile-cells  in 
the  liver,  and  those  (secreting  the  gastric  fluid)  of  the  gastric  glands. 
•  8.  Qmtraction  is  sometimes  manifested  by  cell-membranes  and  by 
the  cell-contents.  Contractile  cell-membranes  occur  in  many,  if  not 
all,  of  the  Protozoa,  in  the  yolk-cells  of  the  Planariae,  in  the  heart- 
cells  of  many  embryos,  &c.  Some  consider  that  the  colorless  cor- 
puscles of  man,  the  frog,  and  the  skate,  mucus-corpuscles,  and  the 
cells  in  the  meshes  of  the  areolar  tissue  of  the  disk  of  the  medusa, 
are  contractile  cells.' 

Contractile  cell-contents  are  found  in  the  fibre-cells  of  smooth 
mnscle,  in  the  stellate  cells  of  the  skin  of  the  embryo  Umax,  and  in 
striped  muscular  fibre. 

Certain  important  changes  in  the  cell-contents  occur  in  patholo- 

E'cal  conditions.  Besides  those  already  specified,  the  foUowmg  may 
\  noted  here : — 

1.  Fatty  degeneration  is  the  most  common  change  in  cell-contents, 
more  or  less  fat-drops  accumulating  in  the  cell.  But  it  must  be 
borne  in  mind  that  the  cells  in  certain  parts  and  organs  normally 
contain  a  few  fat-globules. 

■  Thas  it  is  very  certain  that  the  m<»leciilar  and  chemical  changes  uf  the  cell- 
membraue  and  the  nacleos  are  independent  of  each  other. 

'  Donden,  however,  maintains  that  the  cell-contents  only  (and  not  the  cell- 
membrane)  are  contractile. 
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2.  The  fatty  degeneration  may  pass  into  the  pigmentary;  which 
may  also  occur  spontaneously.  Here  the  coloring  matter  generally 
passes  from  deep  yellow  to  brownish  black. 

8.  Dropsy  of  cells  occurs  if  the  blood  contains  an  undue  amount 
of  water.   {Wedl) 

4.  Orystals  form  in  cells  from  the  absorption  of  the  watery  por- 
tion of  the  cell-contents. 

5.  Atrophy  or  involution  {WedT)  of  cells  may  occur,  in  conse- 
quence of  a  diminished  supply  of  nutrient  fluid. 

Primordial  Cells. 

Schwann  discovered  that  all  the  tissues  of  animals/  as  well  as  of 
plants,  are  developed  originally  from  nucleated  cells ;  and  to  these 
the  name  of  primordial  cells  has  been  given.  They  present  nothing 
peculiar  in  their  microscopic  appearance,  however ;  containing  the 
five  elements  already  mentioned  as  usually  characterizing  a  cell  (p. 
114).  We  find  in  the  embryo  a  mass  of  cells,  for  instance,  which 
are  to  develop  bone;  another  to  form  muscle;  a  third,  fibrous  tissue, 
&c.  But  though  the  microscope  does  not  enable  us  to  detect  any 
original  difierence  in  them,  their  vital  properties  must  differ,  as  the 
developmental  result  demonstrates. 

Schwann's  assertion,  however,  applies  only  to  the  tissues  proper, 
and  not  to  the  simple  histological  elements  already  described 
Simple  fibre  and  simple  membrane  are,  for  example,  lower  develop 
ments  than  cells,  and  are  not  formed  from  the  latter.  On  the  con 
trary,  cells  have  their  walls  formed  of  simple  membrane,  as  has 
been  shown. 

The  primordial  cells,  therefore,  need  no  further  notice  here,  since 
it  is  in  respect  to  their  functions,  and  not  as  mere  histological  ele- 
ments, that  they  are  peculiar.  Besides,  the  manner  in  which  each 
tissue  is  developed  from  its  primordial  cells,  and  the  peculiwities  of 
the  latter  in  each  case,  will  be  explained  in  the  division  of  this  work 
upon  the  "Tissues  proper." 

Before  proceeding  to  speak  of  the  fluids,  however,  certain  cells 
which  are  either  found  isolated,  or,  at  least,  do  not  coalesce  to  form 
tissues,  will  be  described. 

*  This  discoverj  was  announced  in  1839.    Schleiden  had  previonslj  shown  that 
the  tissues  of  plants  are  formed  from  cells. 
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Isolated  Cells  :  Cells  not  coalescing  to  form  Tissues. 

Under  the  head  of  isolated  cells,  Carpenter  includes  the  white 
and  the  colored  blood-corpuscles,  epidermis  and  epithelium,  the 
cells  containing  the  spermatozoids  of  the  semen,  and  absorbing  and 
secreting  cells. 

Epidermis  and  epithelium,  however,  perform  their  functions  as  a 
distinct  tissue,  and  will  therefore  be  included  in  the  classification  of 
the  tissues  proper.  Secreting  cells  will  be  described  in  connection 
with  the  various  glands  containing  them;  and  the  blood-cells  of 
both  kinds,  and  the  spermatophori,  will  be  considered  in  connection 
with  the  fluids  of  which  they  respectively  constitute  a  part. 

The  only  kind  of  cells  to  be  considered  here,  as  being  normally 
scattered  in  the  interstices  of  the  tissues,  and  not  forming  a  tissue 
by  themselves,  is  the  pigmmt-cell ;  after  which  the  various  forms  of 
cancer-cells  will  be  described,  as  constituting  one  of  the  most  im- 
portant of  the  pathological  developments. 

The  isolated  cells  in  the  nervous  cenjires  will  be  described  in  the 
chapter  on  "Nerve-tissue." 

I.  Pigment-cells. 

Pigment-cells  derive  their  peculiarities  from  the  fkct  that  the 
granules  they  contain  are  colored,  consisting  of  the  immediate  prin- 
ciple melanine,  described  on  page  103.  As  this  principle  abounds 
in  carbon,  neither  chlorine  nor  strong  acids  remove  the  color  of  the 
granules.  The  latter  are  often  found  lying  among  the  cells,  as  well 
as  within  them.  They  are  also  among  the  minutest  objects  in 
nature,  being  often  less  than  YTji^ji^  of  an  inch  in  diameter. 

It  has  been  shown  that  melanine  is  probably  derived  from  h»ma- 
tine,  and,  like  the  latter,  has  iron  associated  with  it ;  the  pigment  of 
the  choroid  coat  of  the  eye  containing  .254  per  cent,  of  this  metal. 

DistribrjUion  of  Pigment  cells. 

In  the  human  body,  the  distribution  of  pigment-cells  is  quite 
limited.  In  the  eye,  they  are  found  on  the  inner  surface  of  the 
choroid  membrane,  on  the  ciliary  processes  and  the  iris  (uve\),  and 
between  the  choroid  and  the  sclerotica.  They  also  exist  in  the  skin 
of  the  perineum  and  of  the  genital  organs,  especially  of  the  scrotum, 
and  in  the  areola  of  the  mammary  gland.    Pigment-granules  also 
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give  tbe  gray  color  to  the  cells  of  the  cortical  substance  of  the 
cerebrum  and  cerebellum,  and  the  central  part  of  each  half  of  the 
spinal  cord ;  and  pigment-cells  are  also  found  in  the  cervical  pia 
mater  and  the  membranous  labyrinth. 

In  negroes,  the  skin  also  contains  a  layer  of  pigment-cella  over 
the  whole  surface  of  the  body ;  and  to  this  its  blackness  is  due. 
This  is  the  last  formed  and  deepest  layer,  consisting  of  cells  lying 
directly  on  the  basement  membrane  of  the  skin.  Similar  cells, 
darker  than  the  rest,  also  exist  in  this  layer  of  the  skin  of  Eu- 
ropeans, but  their  pigment  is  of  a  lighter  color.  In  fact,  the  differ- 
ence in  amount  and  color  of  pigment 
*^8-  88'  in  this  layer  of  cells  gives  rise  to  all 

the  varieties  of  color  presented  by  the 
different  races  of  men.  Fig.  68  repre- 
sents the  appearance  of  the  several 
layers  of  cells  in  the  cuticle  of  the 
Brcuon  of  ih«  coiiciP  of  the  negro,    mj^p,-,^     jjj  jjig  Quter  Isvers,  which  are 

li.  Dwp  eeL«.  Inniled  with  pigment.    6,  °  ^  . 

c«ii>  at  t.  bighar  istdi,  piier  •nd  more  Battened  iuto  scales,  the  pigment  is 
lai'^i'orUM  il'tn  iho'wii'te'rjooi'"  '  entirely  absent.  If  the  cuticle  of  the 
negro  be  removed  by  a  blister,  the 
pigment-cells  on  its  inner  surface  will  be  found  clustered  together 
around  circular  spots  of  a  bright  color  where  the  cells  are  wanting. 
The  spots  correspond  to  the  depressions  in  the  under  surface  of  the 
cuticle  into  which  the  papilla  of  the  skin  projected.  On  the  other 
hand,  in  albinoes'  no  pigment-granules  are  found  in  the  epidermis 
at  all. 

Freckles  upon  the  skin  of  the  white  races,  whether  congenital  or 
otherwise,  are  also  due  to  a  development  of  pigment  cells  in  the 
layer  next  underneath  the  epidermis- — the  Malpighian  stratum. 

The  pigment  in  the  lungs  of  man  and  the  lower  animals,  both 
under  the  pleura  and  in  the  parenchyma,  is  in  the  form  of  granules; 
but  which  are  not  contained  within  cells.  They  are  probably  mere 
particles  of  carbon.  In  the  lower  animals,  a  single  lobe  is  some- 
times quite  black,  while  the  rest  remains  unchanged;  though  a 
section  of  it  shows  that  its  function  ia  not  essentially,  if  at  all,  im- 
paired by  the  deposit. 


'  So  called  from  albia,  whjto. 
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Peculiarities  of  Form  of  Pigmentcelli. 

tenenJly,  pigment-cells  present  no  peculiarities  of  form ;   but 

e  (the  pigmentum  nigrum)  of  the  choroid  membrane  of  the  eye 

)  of  a  hexagonal  form,  resembling  pavement  epithelium.  (Fig. 

it)    Those  between  the  choroid  and  the  sclerotica  are  somewhat 


Kg.  88. 


Fig.  70. 


fiuifonii,  and  sometimes  have  bifid  extremities.     Their  appearance, 
as  found  in  the  sheep,  is  shown  by  Fig.  70.    In  both  theae  figures 
the  nuclei  are  seen  to  be  white.     In 
albinoes  there  are  no  pigment-granules 
in  the  cells  on  the  choroid,  and  hence 
they  are  not  pifpnent-ce\\B.     Fig.  71 
showa  the  appearance  of  the  cells  of 
the  pigmentum  nigrum  of  a  black  rab- 
bit Bt  A,  and  of  the  white  (albino)  rab- 
bit at  B.     In  the  human  fcetus,  also, 
tbo  granules  are  less  numerous  than  in 
Uie  adult.     The  pigment-cells  of  the 
hQtQBn   skin  also  olVen    present   the 
hexagonal  form;  they  being  here,  in    «.  csii.oBohopoidi.fwhu.r.i.bLi.iiw- 
lact,  epithelial  (epidermic)  cells.  iii»«.  ot  pi«m«ii  .niiiii™.  iOuKUt.) 

Distribution  of  Pigment-celU  in  the  Lower  Animab. 

In  the  hwer  animaU,  pigment-cells  present  a  variety  of  forms. 
In  the  skin  of  the  lamprey  they  resemble  the  lacuna)  and  pores  of 
bone.  (Fig.  72.)  In  the  skin  of  the  frog,  and  some  other  reptiles, 
tbey  are  of  a  more  stellate  form.  (Fig.  73.)     In  Uie  iris  of  the  tiger 
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Fig.  72.  Fig.  73. 


boa  {Python  tigrU),  white  pigment-cells 
are  found,  {Queckett)  The  red  spots  on 
the  skin  of  the  piaice  are  produced  by 
minute,  irregular  cells.  Pigment- cells 
are  often  found  in  the  peritoneum  of 
fishes  and  reptiles;  and  the  pigment  se- 
creted in  its  ink-bag,  so  called,  by  the 
cuttle-fish,  is  used  by  artists,  under  the 
name  of  "aepia." 

Color  of  ihe  Huir  and  Eyes. 

In  connection  with  the  color  of  the  akin,  that  of  the  hair  and 
eyes  should  be  alluded  to;  though  the  coloring  matter  may  be 
otherwise  than  black  in  case  of  either,  and  therefore  is  not  always 
melanine. 

The  pigment  coloring  the  hair  is  found  generally  both  in  the 
corEical  and  in  the  medullary  portions  of  the  shafl;  and  since  hwr 
is  an  epithelial  appendage,  as  will  be  shown,  we  might  expect  thai 
its  color  will  correspond,  within  certain  limits,  with  that  of  the  akin. 
Spots  of  black  hair  are  found  (as  in  the  hog)  to  grow  on  patches  of 
skin  of  the  same  color.  In  the  albino,  on  the  other  hand,  the  hair 
ia  colorless.  For  the  particulars,  however,  consult  the  section  on 
"The  Hair." 

The  color  of  the  eye  is  determined  by  that  of  the  iris,  as  is  ex- 
plained in  the  last  chapter  of  this  work.  It  is  blue,  hazel,  and,  in 
some  cases,  nearly  jet  black.  The  conformity  of  color  with  that  of 
the  skin  (or  the  complexion)  ia  not  so  rigid  as  is  that  of  the  hair; 
and  yet  the  disparity  ranges  within  certain  limits.  The  irides  of 
albinoes  are  of  a  pink  color;  since,  not  being  covered  with  pigment- 
cella,  the  numerous  very  minute  bloodvessels  of  the  iris  are  visible. 


PIGMKNT-CELL3. 

The  sebaceous  follicles  of  the  skin  being 
in  close  relation  with  the  hair-bulbs,  are 
sometimes  found  distended  with  pigment. 
This  is  especially  the  case  in  acne,  a  dis- 
ease essentially  consisting  of  an  enlarge- 
ment and  suppuration  of  the  sebaceous 
follicles,  and  in  which  masses  of  black 
matter  maj  be  firessed  (Vom  them.  Fig. 
74  shows  a  section  of  the  skin  of  the 
noae  having  a  stratum  of  black  pigment 
in  the  deepest  portion  of  the  cuticle, 
which  also  dips  down  into  the  sebaceous 
follicles, seen  on  each  side  of  the  two  hairs  growing  from  the  eoriu: 

Devehpmfnt  of  Pigment-cells, 

The  stimulus  of  solar  light  doubtless  exerts  an  inBuence  on  the 
development  of  the  pigment-granules.  In  many  persona  a  strong 
sunlight  produces  freckles;  and  exposure  for  several  years  to  a 
tropical  climate  renders  the  fairest  complexion  sallow.  The  Dutch 
who  have  for  several  generations  resided  in  Africa,  have  at  length 
become  so  black  as  to  be  distinguished  from  the  natives  by  their 
features  only,  and  not  by  iheir  color.  The  natives  of  the  torrid 
zone  almost  invariably  have  black  hair  and  eyes.  The  infant 
negro  is  scarcely  darker  than  the  white  during  the  first  few  days 
after  birth.'  The  genital  organs  become  colored  on  the  third  day, 
and  the  whole  body  on  the  fifth  and  sixth. 

The  stimulus  of  solar  light  is  essential  to  the  development  of  the 
green  pigment  (chlorophyl)  of  plants,  which  also  consists,  in  great 
pari,  of  carbon ;  and  with  this  fact  the  preceding  may  be  naturally 
associated. 


Functions  of  PigTnait-cells. 
The  pigment-cells  in  the  pigmentum  nigrum  of  the  eye  are  im- 
portant principally  in  the  way  of  interrupting  or  absorbing  light, 
and  thus  contributing  to  the  perfection  of  vision.  Hence  albinoes 
cannot  see  well  in  the  full  light  of  a  sunny  day.  In  the  substance 
and  on  the  posterior  surface  of  the  iris,  however,  the  pigment-cells 


'  Smav  writers  tnaintiiiD  that  the  different  vsrietiea  of  the  hanuiii 
lo  climatic  iuflneiKMi,  exerted  throagh  >  long  suocessioii  of  geBerali 
otonr  were  to  b«  t&ken  into  the  nocoanl,  Ihia  idea  would  be 
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seem  to  be  intentled,  at  the  same  time,  for  ornament  also— giving 
tte  peculiar  color  to  the  eye.  The  variously  colored  cells  on  the 
surface  of  the  lower  animals  apparently  subaerve  the  latter  object 
alone.  We  cannot,  however,  remark  the  same  in  regard  to  the 
colored  spots  on  the  peritoneum  of  some  of  them. 

The  presence  of  pigment-colla  in  the  epithelium  of  the  akin  of 
man  bears  some  relation  to  the  degree  of  solar  light  and  heat  to 
which  it  ia  exposed ;  hut  which  is  not  well  understood. 

Pigment-cells  abound,  as  has  been  stated,  in  the  human  brain  and 
spinal  cord.  That  tlie  function  of  these  organs,  or  of  even  the  cells, 
does  not  depend  on  the  color  of  the  contained  granules,  may  be 
inferred  from  the  fact  that  in  the  spinal  cord  of  the  frog  the  cells 
contain  colorless,  instead  of  colored,  granules. 

The  fact  that  the  pigment-granules  in  the  epidermic  cells  of  the 
areolte  around  the  mammilla  of  the  human  female  are  increased  in 
pregnancy,  is  well  known,  and  its  darker  color  is  regarded  as  one 
of  the  signs  of  that  condition.  We  can  only  associate  this  fact 
with  the  development  of  the  whole  mammary  gland  at  the  same 
time,  in  consequence  of  the  Byinpathy  existing  between  it  and  the 
uterus.  It  may  also  be  added  that  an  increased  tendency  to  develop 
pigment-granules  is  often  maaifested  in  other  parts  of  the  body 
during  the  last  weeks  of  pregnancy,  in  the  form  of  freckles,  eepe- 
cially  of  the  face,  neck,  and  upper  part  of  the  chest 

Regeneration  of  Pigment-cells. 
In  the  case  of  a  young  man  who  bad  a  congenital  black  spot  on 
the  skin  just  below  the  angle  of  the  mouth,  a  blister  was  applied  to 
remove  the  epidermis,  and  then  the  nitrate  of  silver  till  the  corium 
was  completely  abraded.  Still,  the  pigment-cells  were  reproduced 
as  abundantly  as  before.  In  case  of  ephelis  hepatica  affecting  the 
forehead,  cheek,  or  back  of  the  neck,  the  same  experiment  has  been 
followed  by  the  same  result.  After  such  failure,  however,  the  pig- 
ment has  sometimes  spontaneously  disappeared.  In  negroes,  if  a 
portion  of  the  skin  be  lost,  that  which  replaces  it,  for  a  long  time,  is 
deficient  in  pigment-cells.  In  some  cases,  however,  the  new  skin, 
after  many  years,  becomes  as  black  as  the  original  integument.     ^M 

Pathohgical  Formation  of  Ptgnwnt-cells.  ^^M 

The  abnormal  development  of  pigment-cells  or  granules  in  thfir 
tissues  constitutes  melanosis.    The  latter  is  not,  therefore,  itself  ma- 
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ligoant,  but  it  often  forms  a  part  of  caDcerous  and  other  malignant 
growths.  Pigment-cells  developed  on  patches  of  skin  (most  fre- 
quently of  the  forehead  or  other  part  of  the  face)  constttntc  the 
disease  called  ephelts  hepatica;  it  being  usually  associated  with 
disease,  often  merely  functional,  of  the  liver.  A  different  form  of 
de[>o8it  of  pigment  on  the  akin  is  also  mentioned  by  Queckett,  in 
which  it  could  be  brushed  off  from  the  surface  with  a  camel'shair 
pencil.  It  is  believed  that  the  face  only  is  liable  to  this  form  of 
deposit;  and  its  actual  existence  is  to  be  distinguished  from  some 
other  pigment  purposely  applied  by  the  patient  (usually  a  female) 
to  deceive  the  medical  attendant. 

Molea  and  freckles,  when  congenital,  are  due  to  a  deposit  of  pig- 
ment-cells, from  a  cause  not  understood. 

The  deposit  of  pigment  sometimes  occurring  in  cases  of  acne  has 
already  been  mentioned. 


II.    CXNCKR-OELLS. 

C&ncerous  masses  consist  of  the  four  following  elements,  in  addi- 
tion to  bloodvessels : — 

1.  A  matrix  of  homogeneous  Bubstance,  either  byaliae  or  gran- 
olar. 

2.  Fibres  more  or  leas  approaching  those  of  white  fibroua  tisaae 
in  appearance. 

3.  A  great  variety  of  cells  and  nuclei,  some  of  which  are  gene- 
rally regarded  as  peculiar  to  cancer. 

4.  A  peculiar  cream-like  fluid,  termed  the  "cancer-juice." 
These  elements  vary  extremely  in  their  proportion  in  the  different 

forms  of  cancer,  of  which  three  are 

usually  designated : —  _         .      ^     _*  _ 

1.  bcirrhua,  or  fibrous  cancer,  in 
which  the  homogeneous  matrix  and 
the  fibres,  one  or  both,  predominate. 
(Fig.  75.) 

'1.  Enoephaloid,  or  cellular  cancer, 
being  constituted  mainly  of  cells. 
(Fig. -6.) 

3.  Colloid  cancer,  in  which  there 
ia  a  predominance  of  a  peculiar  ge 
latinous  fluid. 

These  three  forms  are  often  found 
ooexisting  in  the  same  cancerous 
mass.  Melanotic  cancer  is  distin 
guished  merely  from  having  pig 
ment-cells  added  to  the  cancer  ele 
meota  (Fig.  77.) 

Neither  the  homogeneous  matrix  cwon-n^u in  > 
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nor  the  fibres  can  be  regarded  aa  peculiar  to  cancer.    Only  the  cells 
and  the  cancer-fluid  are  so.     But,  in  eocephaloid  cancer,  tne  Quid  is 


not  always  found.  The  cells  alone  will  be  here  described ;  and  the 
inveatigatious  of  Dr.  F.  Donaldson,  of  Baltimore,  will  be  quoted,  as 
the  most  explicit  account  hitherto  given  of  their  various  forms.' 

"With  a  power  of  555  diameters,  Dr.  D.  found  that  the  cells,  the 
nuclei,  and  the  nucleoli  existing  in  cancer  are  all  peculiar  to  it. 

A.  The  caiicer-ntwrfet  (Fig.  78),  whether  inclosed  in  a  cell  or  free, 
are,  in  their  form  and  appearance,  the  most  constant  and  unva- 
rying of  all  the  caocer  ele- 
Fig.  78.  menis.  They  are  generally 

round  or  ovoid  in  shape, 
with  a  length  of  from  j^j 
to  jfl'jB  of  an  inch.  Their 
contour  is  dark  and  well 
defined,  the  interior  con- 
taining minute  granules. 
In  width  they  measure 
from  33'3B  to  jb'oj  of  an 
inch.  It  is  noticeable  that 
■while  in  other  cells  the 
nucleus  is  generally  found 
near  the  centre,  in  cancer 
no  rule  in  this  respect  is 
observed.  Two  or  more 
nuclei,  with  their  nucleoli, 
both  of  great  size  in  pro- 
portion to  the  diameter  of 

American  Joarnil  of  the  Hedioal  SoionceB,  vol.  xxr.  p.  43. 
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ihe  cell,  are  often  seen  in  all  the  varieties  of  cancer-cells ;  while 
other  cells,  as  the  epithelial,  rarely  have  more  than  one. 

B.  The  nucleoli  are  of  a  yellowish  tinge  and  peculiar  brightness, 
and  average  y  3  J^^^  of  an  inch  in  diameter.  Sometimes  two  or  three 
Are  found  in  the  same  cell.  For  the  perfect  exhibition  of  these  cha- 
racteristics of  cancer-nucleoli,  it  is  necessary  that  the  specimen  be 
fresh. 

M.  Bobin  notices  the  action  of  acetic  acid  upon  cancer-nuclei  and 
their  nucleoli  as  peculiar,  since  it  renders  the  nucleus  and  cell  gra- 
dually paler,  though  destroying  neither,  while  the  nucleolus  is  en- 
tirely unaffected  by  it  fp.  116). 

0.  Cells. — Cancer-cells  present  a  considerable  diversity  of  form. 
Dr.  Donaldson  mentions  tne  following  varieties: — 

1.  The  polygonal  or  more  or  less  spherical  and  ovoid  cell. 

2.  The  caudated  cell. 
8.  The  fusiform  cell. 

4.  The  concentric  cell. 

5.  The  compound  or  mother  cell. 

6.  Agglomerated  nuclei  connected  by  granular  homogeneous 

substance. 

1.  The  polygonal  cell  (Fig.  79)  may  be  regarded  as  the  type  in 
cancer.  Thus,  in  hard  tumors  the  cells  are  found  irregular,  and 
sometimes  almost  triangular  in  form.  In  medullary  (encephaloid) 
cancer,  cells  of  an  ovoid  or  spherical  shape  are  oftenest  met  with. 

Fig.  79. 


Pol jfonal  caneer-eelU.  ff.  Spherical  eelU.  a.  Dark  eontoar  of  inclosed  nacleoa.  e.  The  uncle- 
olae.  I:.  A  naelens  with  iU  contonr  preMed  oat  of  shape.  L  A  form  of  cell  frequently  seen,  where 
there  Is  a  defldencj  of  part  of  the  wall.   /.  From  pressure  rendered  triangular. 
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Perfectly  round  cells  are  rarely  seen ;  though  cells  approaching  this 
form,  of  variable  diameter,  are  often  discovered. 

2.   Caudated  Cells. — ^This  form  is  invariably  found  in  ihe  bladder, 
and  was  formerly  considered  Ihe  cancer-cell.   It  is  of  irregular  form|'-_ 


Pig.  81. 


iving  from  two  to  five  prolongations  or  poles  branching  off  from 
the  body  of  the  cell.  (Fig.  80.) 

3.  Fiisiform  Ckncer-cell  (Fig.  81). 
— This  shape  is  caused  by  aswelling 
in  the  centre,  the  ends  being  point- 
ed so  as  to  form  an  acute  angle.  M. 
Robin  has  invariably  found  it  when- 
ever cancer  has  attacked  the  bones. 
These  cells  somewhat  resemble  the 
fusiform  fibres  of  fibro-plastic  tissue' 
(Fig.  82),  but  may  be  distinguished 
from  them  by  their  greater  width 
and  length,  the  presence  of  the  clear, 
bright  centre,  and  the  greater  size 
of  the  nuclei. 


itDgulih  Ihli  Tiirloi;  tnm 


'  And  bare  been  mistalcen  for  them  Vj  ai 
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4. 

Tl..„rr<.w           Ti 

ro  MDcenlrU  asegr-nlla.    a.  Tli* 

!•  (9)  with  >          OIK 

■•««.  1.1.1th          W.J 
.1.. 

(.  Th>  brUllul  naclulu. 

of  mil,  l-somh  of  u  ln«h. 

4.  The  concentric  cancer-cell  ia  formed  of  an  ovoid  or  spherical 

body,  flurrounded  by  concentric  rings,  increasing  in  size  as  they  go 

,  further  out    This  variety 

Kg-  M-  never  forms  the  basis  of  a 

cancerous    tumor,   and   is 

met  with  but  rarely.  {Fig. 

83.) 

5.  The  compound  or  mo- 
ther cells  of  cancer  have  re- 
ceived this  name  from  the 
idea  entertained  by  some 

Fig.  8B. 


authors,  of  their  splitting  up  into  smaller  segments,  and  multiplving 
by  division.  They  are  of  variable  form,  and  often  contain  three, 
four,  or  more  cancer-nuclei,  (Figs.  84  and  64.) 

6.  Agglomerated  nuclei  are  also  rarely  met  with,  which  seem  to  be 
held  together  by  the  granular  homogeneous  substance  in  which 
they  are  generated.  They  seem  to  have  no  cell-wall  about  them, 
«nd  may  be  recognized  by  the  bulk  of  their  envelop.  (Fig.  86.) 
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Fig.  ( 
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Fig.  87. 


Elements  liable  to  be  mwlaken/or  Oancer-cells. 

It  is  important,  in  this  connection,  to  specify  the  histological  4 

ments  which  may  be  miatakea  by  the  microacopiat  for  the  cancef- 

cella  just  described ;  though,  with  the  exception  of  the  first  two,  the 

distinction  ia  easily  made  at  a  glance. 

1,  The  fusiform  corpuscles  of  Jibro-plastic  tissue'  are  often  aa  much 
as  jJd  to  i^B  of  ^^  'fich  long.  Their  comparative  narrowness,  the 
amallaesa  of  their  nuclei,  the  nucleolus, 
and,  indeed,  their  whole  aspect,  distin- 
guish them  from  cancer-cells.  They 
have  already  been  shown  by  Fig.  82. 

2.  The  Jibro-plastic  cells  aiid  their  frte 
nuclei  (Fig.  8B)  may  be  mistaken  for 
cancer-cells  by  a  superficial  observer. 
These  cella  are  ovoid,  sometimes  poly- 
gonal, and  vary  from  ja'on  to  je'sB  "f 
an  inch  in  diameter.  The  nucleus  and 
nacleolus,  however,  appear  different 
'  from  those  of  cancer,  and  the  granules 
.  they  contain  are  very  much  finer  and 
of  more  uniform  size.  The  free  nuclei 
are  so  much  smaller  as  to  be  at  once 
recognized. 

Both  of  the  fibro-plastic  elementajust 
mentioned  are  found  in  the  bruin,  blad- 
deFjOvaries,  mammary  gland,  uteruBi&c, 
and  in  the  healthy  state  as  wi-ll  aa  in 
inilammatory  products.  These  will  also 
be  found  with  cancer-cella,  if  inflam- 
mation has  existed  in  a  cancerous  de- 
posit. 
*  l3  ^'^a  '■"■'^  '"JS-  ^"  ^'''  Ss"^"^"  thinks  that  the  cells 

V*       J    pC  <S*'^'         escaping  from  the  cavities  of  encfiondro- 
a         n  -.ro.  '.'j-.v-'  matoiis  tumors,  while  they  are  softening, 

may  be  mistaken  for  cancer-cells.  Dr. 
Donaldson  does  not  accept  this  aa  pro- 
bable. 

4.  Nor  can  pus-corpuscles  be  mis- 
taken for  cancer-cells,  though  often 
mur  nnciwu.  2.  Bocnoii  ud  inig.  found  mixed  with  the  latter. 
rietgnnoiM.  3.  fim,  luiaegtMniot  6.  The  appearance  of  (M^iercfe-corpw- 
cles,  as  contrasted  with  cancer-cells,  is 
shown  in  Fig.  87.  The  former  were,  however,  magnified  833  times, 
the  cancer-cells  but  555  times. 

6.  The  contrast  between  ejjitkelial  cells  in  different  stages  of  de- 

'  This  ia  a  phraie  applied  to  the  fibres,  aell?,  &c.,  dsTeloped  in  einded  pluma, 
genaoilly  ia  qmb  of  in  flam  mat  ion, 


CAKCSB-CELLS. 


velopment,  and  of  the  various  kinds,  and  cancer-cells,  is  seen  in  the 
four  next  figures  (Figs.  88  to  91). 
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Since  cryatalfl  of  cholesterine,  of  ammonio-Tnagnesian  phosphate, 
aod  of  margarine,  fat-globules,  filaments,  and  pus,  may  be  found 
mixed  with  cancer-cells,  Dr.  Donaldson  insists  npon  the  examination 
of  every  part  of  a  mass  supposed  to  be  cancerous,  before  deciding 
that  it  is  not  ao.  "  If  but  one  cancer-cell  be  found,  it  is  concluBive,'' 
says  Dr.  Donaldson ;  a  proposition,  however,  which  should  not  be 
practically  adopted,  aa  will  appear. 

"Out  of  the  body,  cancer  elements  change  more  rapidly  than  any 
others;  nor  can  they  be  preserved  in  any  fluid;"  therefore  they 
should  be  examined  at  once.  Within  the  first  day  they  may  become 
d^enerated  by  the  appearance  of  fatty  granules,  which  often  hide 
tbeir  distinctive  characteristics. 

Epithelial  cancer  will  be  spoken  of  in  connection  with  "Epitbe- 
liam." 


Much  discussion  has  arisen,  of  late,  in  regard  to  the  value  of  the 
microscope  in  the  diagnosis  of  cancer ;  one  party  contending  that 
this  instrument  is  totally  unreliable  in  this  respect,  while  the  oppo- 
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site  would  rely  upon  it  alone.  The  following  is  believed  to  be  the 
only  tenable  view  of  this  subject : — 

1.  In  ail  cases  of  well-developed  cancerous  formation,  the  niicro- 
■  scope,  in  the  hands  of  one  skilled  in  its  use,  will  alone  demonstrate 

the  true  character  of  the  growth,  unaided  hy  any  knowledge  of  its 
appearance  to  the  naked  eye,  of  its  tactile  properties,  or  of  the  his- 
tory of  the  case.  This  it  will  do  by  detecting  one  or  more  of  tbe 
peculiar  forms  of  cell  or  nucleus  already  described.  Here,  therefore, 
the  diagnosis  may  be  positively  expre^ed  in  the  affirmative. 

2.  But  there  are  all  possible  grades  of  development,  from  the  en- 
cepbaloid,  as  the  most  strongly  pronounced  form  of  cancer,  to  tbe 
fibrous  cancer,  and  onward  to  the  simple,  innocent  sarcoma.  There 
will,  therefore,  be  a  corresponding  shading-off  of  the  peculiarities 
of  the  minute  cancer  elements  (cells,  nuclei,  &c.)  into  the  normal 
elements  of  the  tissues.  Besides,  when  cancer-cells  are  still  young, 
they  do  not  present  the  peculiarities  before  mentioned.' 

In  the  imperfect  or  early  development  of  cancer,  therefore,  the 
cancer-cell  may  so  nearly  resemble  the  fibro-plastic  or  some  other 
cell,  that  a  microscopic  discrimination  is  impossible.  Here,  then, 
the  microscopic  diagnosis  must  be  guarded,  and  the  history  of  the 
case  and  the  other  sensible  properties  of  the  growth  must  i3ecide. 

3.  The  cancer  elements  may  exist  in  small  amount  in  a  mass  sup- 
posed to  be  cancerous,  and  in  the  midst  of  a  variety  of  other  minute 
elements,  and  therefore  escape  detection.  If  so,  the  microscopic 
diagnosis  is  iiifcrentially  negative,  but  not  unqualifiedly  so.  The 
unaided  eye,  the  sense  of  touch,  and  the  history  of  the  case  may, 
however,  together,  decide  the  diagnosis  unqualifiedly,  either  in  the 
afiirmative  or  the  negative. 

4.  In  cases  of  well- developed  cancer,  therefore,  the  microscope, 
since  it  alone  may  decide  tbe  diaguosis,  is  in  the  highest  degree 
reliable.  In  the  other  two  cases  mentioned,  it  is  less  reliable  than 
the  other  means  alluded  to;  but  here,  also,  it  may  prove  of  tbe 
highest  value,  by  confirming  or  opposing  the  diagnosis  suggested 
by  them.  It  is  the  absurd  assumption  that  the  microscope  can  de- 
cide in  every  possible  case,  which  has  brought  the  instrument  into 
disrepute.  It  merely  enables  us  to  see  what  would  be  invisible 
without  it;  and  gives,  so  far  as  the  minute  elements  are  concerned, 
an  advantage  over  those  who  refuse  to  use  it,  like  that  which  one 
who  has  perfect  sight  enjoys  iu  respect  to  things  visible  to  the 
naked  eye,  as  compared  with  the  purblind.  But  as  tbe  unaided 
sight  alone  is  almost  never  expected  to  decide,  in  cuse  of  suspected 
cancer,  without  reganl  to  the  tactile  properties  and  the  history  of  the 
case;  so  the  sight,  when  aided  by  the  microscope — for  it  is  mere 
Nght  still — must  not,  except  in  a  single  class  of  cases,  be  relied 
upon  alone.  In  these  it  should  be  recognized  as  an  arbiter  in  the 
diagnosis  of  cancer;  in  all  ofher  cases  it  is  merely  a  valuable  aid. 

'  AH  /•aikiJagteat  ii€ir1f-/oriitrJ  cclli  h»Te  no  e*ppdal  chsnicter  pecalisr  to  tliem. 

(nui,p.si.> 


SECOND  DIVISION. 

THE  FLUIDS  OF  THE  HUMAN  BODY  (HYGROLOGYO- 

In  their  histological  relatioDs,  the  fluids  may  be  considered  under 
the  four  following  chapters : — 

I.  The  blood,  including  lymph  and  chyle. 

n.  Serous  secretions  and  transudations  (effusions),  and  exudations. 
III.  Mucous  and  glandular  secretions. 
IY«  The  cutaneous  secretions. 

There  is,  however,  one  histological  element  which  is  common  to 
no  less  than  six  of  the  fluids  about  to  be  considered,  and  this  will 
be  described  before  entering  upon  the  fluids  individually.  This 
element  is  the  "cytoid  corpuscle"*  (JSTenfe),  and  which  has  been 
variously  termed  the  lymph-corpuscle,  the  chyle-corpuscle,  the  co- 
lorless blood-corpuscle,  the  mucus,  the  pus,  and  the  exudation-cor- 
puscle, accordingly  as  it  has  been  found  in  these  six  fluids  respect- 
ively. 

Cytoid  corpuscles  (Fig.  92)  have  a  granular  investing  membrane 
or  cell-wall,  and  contain  either  a  single  round  and  occasionally  oval 
or  reniform  nucleus,  or  several  nuclei  heaped  one 
upon  another.     They  are  not  perfectly  sphericaL         ^^'  ®^ 
Heir  diameter  varies  with  the  specific  gravity  of  the         '^ 
fluid  containing  them,  since  they  are  highly  endos-         •      i 
motic.    Hence  they  are  larger  in  saliva  than  in  pus.      @  ^ 
The  addition  of  water  to  any  fluid  containing  them, 
causes  them  to  enlarge,  and  their  mvestmg  mem-  of  biood.  i.  Natv- 
brane  to  appear  less  folded  and  smoother.    Their  ^^^^^'^^^  ^l 
diameter  varies,  therefore,  even  in  the  same  fluid,  auvte  ao«uc  Mia. 

*  From  'vyfk,  wet,  fluid,  and  x^.  The  t«nn  Phlegmatology  has  also  been  nied ; 
tat  iU  deriration  being  founded  on  the  obaolete  notions  of  the  ancients  respecting 
pkieym^  it  should  be  discarded. 

'  /.  e.  ctU-rtiemhling  corpuscle,  from  xurtc,  cell,  and  i?^»(,  resemblance. 

10 
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with  variations  in  its  composition.  It  usually  ranges  betweeo  5^, 
and  jb'oo  of  an  incli  in  the  six  fluids  before  named.  Bowman  re- 
marks that  these  corpuscles  are  usually  smaller  in  mucus  than  in 
pus,  and  that  they  are  also  less  distinctly  granular;  and  Hassall 
asserts  that  they  are  smaller  in  chyle  than  in  lymph.  In  the  blood 
they  are  specifically  lighter  than  the  colored  corpuscles,  since  thej 
both  contain  more  fat,  and  ■are  ttlao  deficient  in  the  ferruginous 
hEsmatine. 

Cytoid  corpuscles  are  also  easily  acted  upon  by  extremely  dilute 

mineral  acids,  or  moderately  dilute  solutions  of  organic  acids  (nrie, 

lactic,  &c.);  all  of  which  render  the  nuclear  matter  more  perceptible. 

And  since  pus  easily  passes  ioto  the  acid  fermentation,  on  exposore 

to  the  air,  its  previously  invisible  nuclei  are  at  once  thus  rendered 

apparent.    Hence  the  "pus-cor]>uscle,"  so  called,  when  observed,  has 

been  generally  found  to  be  more  gran- 

F'B'  93-  ular  than  the  "mucus-corpuscle;"  and 

-,.*  the  original  simple  nucleus  is  seen  to 

^^       ^  have  divided  into  two,  three,  or  more 

^^■'  vesicles,  in  which  one  or  two  granules 

^    t^  may  be  distinguished.  (Fig.  93.) 

/^Sr^  ^^^  ^^^  peculiar  modifications  un- 

^  ^^  dergone  by  the  cytoid  corpuscle,  in  the 

y,.*    ^^      ass^  fluids  just   mentioned,   will  be   more 

^1    ^_^^  particularly  adverted  to  in  connectioti 

^     .        .^  with  each  in  detail. 


Development  of  Cytoid  Corpuscles, 
The  lymph,  chyle,  and  colorles.- 
blood-corpuscles  are  uniformly  regard- 
ed as  instances  of  free  cell-develop- 
ment (p.  120).  It  is  probable  that  thu 
cytoid  corpuscle  is  always  so;  in  pus, 
mucus,  and  exudations,  as  well  as  in  the  three  fluids  just  mentioned. 
It  appears  to  be  a  general  law  that  cytoid  corpuscles  are  developed 
in  any  fluid  approximating  nearly  in  composition  to  the  blood- 
plasma,  since  such  a  fluid  contains  their  nutritive  elements.  The 
latter,  of  course,  exist  in  exudations;  and  the  relations  to  these  0I 
pus,  which  will  be  pointed  out  in  the  following  chapter,  demonstrate 
their  presence  in  pus  also.   In  mucus,  the  cytoid  corpuscles  are  also 
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probably  developed  in  the  liquor  muci,  the  latter  containing  their 
QQtritive  elements;  and  are  not  secreted  by  the  epithelial  cells  of  the 
mncous  membrane,  as  is  often  asserted.  The  idea  of  Gluge,  that 
pus-corpuscles  are  merely  free  nuclei,  can  be  adopted  only  by  such 
as  still  maintain  that  there  is  a  wide  distinction  between  them  and 
the  mucus-corpuscle  (p.  116). 

Functions  of  Cytoid  Corpvscles. 

The  colorless  corpuscles  of  the  blood  are,  with  very  valid  reasons, 
regarded,  by  T.  Wharton  Jones,  as  the  parent  cells  of  the  red  cor- 
puscles ;  and  those  of  lymph  and  chyle  are  formed  in  these  fluids 
preliminarily  to  entering  the  blood.  In  the  lymphatics  of  the 
spleen,  and  in  the  thoracic  duct,  however,  the  cytoid  corpuscles 
appear  already  to  have  developed  red  blood  corpuscles,  and  which 
enter  the  blood  with  the  lymph  and  chyle. 

In  exudations,  the  cytoid  corpuscles  constitute  the  basis  of  new 
tissue,  as  is  generally  understood ;  while  in  mucus  and  pus  they 
appear  to  be  developed  in  accordance  with  the  law  announced 
above,  but  do  not  advance  to  any  higher  degree  of  organization. 


CHAPTER   I. 

THE   HISTOLOGICAL   RELATIONS   OF  THE  BLOOD,  INCLUDING 

LYMPH  AND  CHYLE. 

Singe  lymph  and  chyle  are,  in  a  physiological  point  of  view,  to 
be  regarded  as  blood  in  its  primary  stages  of  development,  some 
remarks  on  these  fluids  may  appropriately  precede  the  description 
of  the  blood  itself. 

I.  Lymph. 

Lymph,  as  obtained  from  the  lymphatic  vessels,  is  a  colorless  or 
slightly  yellowish  and  somewhat  opalescent  fluid,  of  a  saltish,  insi- 
pid taste,  with  an  alkaline  reaction.  It  coagulates  in  from  four  to 
twenty  minutes  after  being  exposed  to  the  air,  forming  a  gelatinous, 
colorless  coagulum. 
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Seen  un<ler  the  microscope,  lymph  consists  of  two  portions:  1, 
The  fluid  portion,  or  liquor  lympka;  2.  Certain  morphological  ele- 
ments. 

1.  The  liquor  hjmphce  is  similar  in  chemical  composition  to  the 
liquor  sanguinis,  as  might  be  expected ;  there  being,  however,  more 
water,  with  less  albumen  and  fibriae.  The  saline  and  extractive 
matters  are,  however,  proportionably  more  abundant.  It  is,  in  fact, 
a  dilute  liquor  sanguinis.  The  albumen  varies  from  4.S4  (J/ar- 
chaml)  to  60.02  {VHeritier)  in  1,000  parts,  and  the  fibrine  from  .32 
to  .52.  Fat  constitutes  .264,  and  water  924.36  to  969.26  parts.  Of 
the  liquor  sanguinis  about  903  parts  in  1,000  are  water.  Contrary 
to  what  has  been  asserted,  the  albumen  and  fibrine  of  the  lymph 
appear  to  be  identical  with  those  of  the  blood. 

2.  The  histological  elements  of  lymph  are — 1.  Cytoid  corpuscles 
(lymph-corpuscles);  2.  Fat-drops;  and  3.  Nucleus-like  formations. 

1.  The  cytoid  corpuscles  have  already  been  described  (p.  145}. 
They  average  about  ^^j^j^  of  an  inch  (lo'oo  *o  aa'so)  '"  diameter  in 
this  fluid  (ajias,  ffassall). 

2.  The  fat-globules  present  nothing  peculiar.  (See  p.  73.) 

3.  The  nucleus-like  bodies  are  probably  the  still  undeveloped 
cytoid  corpuscles. 

It  should  also  be  added  that  in  the  lymph  obtained  from  the 
lymphatics  of  the  spleen,  red  corpuscles,  identical  with  those  of  the 
blood,  are  found.  They  have  also  been  found  in  the  lymph  of 
starving  animals.  The  explanation  of  this  fact  has  already  been 
given  (p.  147),  though  it  has  also  been  suggested  that  they  are  ob- 
tained from  bloodvessels  opened  in  the  search  for  tLem. 

Origin. — Lymph  is  derived  mainly  from  the  overplus  of  the 
plasma  exuded  from  the  capillaries,  into  the  parenchyma  of  organs 
for  their  nutrition,  or  for  the  formation  of  secretions.  It,  more- 
over, contains  some  of  the  immediate  principles  resulting  from  the 
dis-asaimilation  of  the  tissues. 

It  is  impossible  to  calculate,  with  any  approximation  to  accuracy, 
the  quaiUitij  of  lymph  in  the  human  body.  Bidder  believes  that 
about  28.6  pounds  pass  from  the  thoracic  duct  into  the  subclavian 
vein  in  twenty-four  hours — 6.6  pounds  being  true  chyle,  and  22 
pounds  being  lymph.  Few  will  object  to  the  last  estimate  as  not 
being  sufficiently  high. 

Uses. — Lymph,  though  derived  from  the  blood,  is  to  enter  it  a 
second  time.    It  is,  therefore,  to  be  regarded  as  blood  in  its  primary 
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stage  of  formation.  As  it  traverses  the  lymphatic  glands,  and  is 
elaborated  by  tbem,  it  approximates  more  and  more  nearly  to  the 
blood  iUelt,  till  it  is  at  last  mingled  with  the  latter  from  the  thoracic- 
and  the  great  right  lymphatic  duets.  In  the  lowest  animals  thf 
blood  ilaelf  is  scarcely  a  higher  development  than  mere  lymph,  and 
in  none  of  the  inverlebrata  do  lymphatic  vessels  exist.  In  the 
lowest  vertebrata,  also,  no  lymphatic  glands  are  found,  but  lymph- 
atic vesaeU  merely,  and  the  lymph  is  poured  directly  from  these 
into  the  nearest  veins. 


II.  Chyle. 

Chyle  is  the  fluid  obtained  from  the  lacteals  (lymphatics  of  the 
email  intestine)  and  the  thoracic  duct;  where  it  is,  however,  of 
oonrae,  mixed  with  lymph.  It  results  from  the  digestion  of  certain 
elements  of  the  food ;  and  the  experiments  of  Bernard  would  prove 
that  it  is  derived  from  the  fatty  alone.  It  differs  in  appearance  with 
the  part  of  the  chylifcrous  system  from  which  it  is  obtained,  and 
with  the  state  of  the  auimal  as  to  having  been  lately  fed  or  not. 
Indeed,  lymph  alone  exists  in  the  lacteals  and  thoracic  duct  during 
fasting.     Chyle  also  varies  in  different  species  of  animals. 

Human  chyle  is  generally  a  milky,  opalescent,  yellowish  white 
or  pale  reddish  fluid,  with  a  saline  and  mawkish  taste,  and  an  alka- 
line reaction.  It  coagulates  into  a  very  soft,  friable  coagulum,  in 
about  ten  minutes  after  its  removal  from  the  vessels. 

Under  the  microscope,  the  chyle  showa — 1.  The  liquor  chyli: 
2,  The  morphological  elements. 

1.  The  liquor  chyli  (interceUular  fluid — Lekmann)  is  very  similar 
to  the  liquor  sanguinis,  especially  if  the  former  be  taken  for  exa- 
minatioD  from  the  thoracic  duct.  The  amount  of  fibrinc  in  human 
chyle  is  not  yet  precisely  ascertained,  but  it  augments  while  the 
chyle  is  passing  through  the  mesenteric  glands.  Subtracting  this 
element  from  the  liquor  chyli,  the  remainder  is  called  the  chyle- 
eerum.  This  resembles  the  blood-serum  in  composition,  being,  how- 
ever, poorer  in  albumen,  while  it  is  richer  in  water,  fat,  extractive 
mailers,  alkalies,  and  salts — especially  the  chlorides  of  sodium  and 
potassium.  Whether  it  is,  like  blood-serum,  free  from  iron,  is  not 
yet  ]>08itively  decided.  It  becomes  more  turbid  and  milky  if  more 
fat  is  taken  in  the  food,  but  not  otherwise,  whether  animal  or  vege- 
table food  be  taken.  The  fat,  however,  diminishes  while  the  fluid 
if  passing  through  the  mesenteric  glands ;  partly,  doubtless,  from 
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the  fact  that  it  is  required  for  the  development  of  the  oytoid  cor- 
puscles. 

2.  The  histohgkal  elements  of  the  chyle  are — 1.  Extremely  minute 
granules;  2.  Coarse  granules;  3.  Distinct  nuclei  with  nucleoli ;  and 
4,  Cytoid  corpuscles.  It  is  only  during  digestion,  however,  that 
these  elements  appear  in  a  marked  degree. 

1.  The  granules  cover  the  field  of  view  like  a  minute  veil.  Tbej 
constitute  what  Mr.  Gulliver  termed  the  mokcular  base  of  the  chyle. 
Miiller  found  them  to  be  fat-granules  surrounded  by  a  proteine-like 
(albuminous?)  substance.  Probably  no  true  fal-globules  normally 
exist  in  the  chyle.  To  this  molecular  base  of  the  chyle  its  turbidity 
and  milky  appearance  are  due.  It  is  more  abundant  in  proportion 
as  the  food  contains  more  fat. 

2.  The  coarse  granules  are  grouped  together,  and  appear  to  be 
held  in  contact  by  a  hyaline  substance.  {Miilkr.) 

3.  The  nuclei  are  sharply  defined,  contain  nucleoli,  and  are  some- 
times covered  with  individuaJ  granules.  (KoUiker.) 

4.  The  cytoid  corpuscles  are  identical  with  those  of  lymph  (p.  148). 
It  is,  however,  an  interesting  fact,  that,  while  they  are  often  3  j'^^  of 
an  inch  in  diameter  in  the  lacteals,  they  are  seldom  more  than  ^^^ 
to  jo'on  in  the  thoracic  duct. 

Colored  blood-corpuscles  are  also  always  found  in  the  chyle  from 
the  thoracic  duct,  these  being  either  developed  there  from  the  cytoid 
corpuscles,  or  being  derived  from  the  lymphatics  of  the  spleen,  as 
already  explained  (p.  147). 

The  quanlily  of  the  chyle  entering  the  blood  in  twenty-four 
hours  is  not  satisfactorily  settled.  Vierordt  estimates  it  at  b\ 
pounds;  Bidder  at  6.6  pounds,  as  already  stated  (p.  148). 

Oriijtn. — Bernard  concludes  that  chyle  is  formed  by  the  digestion 
of  the  fat  alone  in  the  food.  If  this  be  true,  chyle  is  scarcely  other- 
wise than  mere  lymph,  with  an  addition  of  fat.  It  is,  however,  very 
certain  that  not  at!  the  fat  in  the  food  is  converted  into  chyle  and 
absorbed  by  the  lacteals,  since  the  blood  of  the  vena  portse  is  almost 
twice  as  rich  in  fat  duriug  the  process  of  digestion  as  during  fast- 
ing. And,  on  the  other  hand,  it  is  probable  that  the  other  elements 
of  food,  besides  fat,  are  not  entirely  excluded  from  absorption  by 
the  lacteals,  since  the  albuminous  matters  of  the  chyle  are  more 
likely  to  have  been  admitted  with  the  iat  than  to  have  been  deve- 
loped from  the  latter  by  the  addition  of  nitrogen  from  the  bloofl  in 
the  mesenterio  glands,  as  has  been  suggested.     Since,  however,  the 
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albumen  and  fibrine  of  the  chyle  may  have  existed  in  the  lymph, 
or  have  been  absorbed  directly  from  the  bloodvessels,  it  is  not  yet 
necessary  to  controvert  the  conclusion  of  Bernard,  that  the  fat  alone 
of  the  food  is  directly  absorbed  by  the  lacteals  to  form  the  chyle. 

The  itses  of  the  chyle  need  not  be  enlarged  upon  after  the  pre- 
ceding remarks  upon  lymph.  Its  abundance  of  fat,  however,  ren- 
ders it  more  prolific  than  the  latter  in  the  development  of  the  cytoid 
corpuscles^  which  are  to  constitute  an  important  element  of  the 
blood ;  and  its  other  elements  also  are  developed  in  it,  as  prepara- 
tory to  their  admission  into  the  latter  fluid. 

III.  The  Blood. 

The  histological  relations  of  the  blood  are  all-important,  since 
the  elements  for  the  development  of  the  tissues,  and  for  the  forma- 
tion of  the  fluids,  except  chyle,  are  derived  from  it. 

Blood  is  distinguished  from  all  other  animal  fluids  by  its  bright 
cherry-red  color,  which,  however,  undergoes  certain  variations  in 
circumstances  anon  to  be  specified.  It  is  a  thick,  slightly  trans- 
lucent fluid,  with  an  alkaline  reaction.  Its  specific  gravity  is  from 
1045  to  1075 — averaging  1055 ;  being  less  in  women  than  in  men, 
in  children  than  in  adults,  and  in  pregnant  women  than  in  those 
not  so. 

Normal  blood  solidifies  or  coagulates  after  its  withdrawal  from 
the  vessels,  a  change  depending  on  its  fibrine,  and  whose  properties 
have  been  specified  on  page  90.  This  process  includes  three  pe- 
riods :  1.  The  blood  becomes  viscid  and  gelatinous  in  from  two  to 
four  minutes  after  its  withdrawal.  2.  After  seven  to  fourteen 
minutes  it  has  become  a  consistent  jelly.  3.  The  fibrine  contracts 
and  pours  out  from  its  fibrillated  network  a  thin,  colorless,  or  pale 
yellow  fluid,  the  serum^  which  rises  to  the  surface.  This  increases 
in  quantity  in  proportion  as  the  other  part,  the  clot,  contracts,  its 
oontraction  continuing  for  a  time  varying  from  twelve  to  forty 
hours.  The  particulars  respecting  the  fibrillation  of  the  fibrine  in 
the  clot  have  been  stated  on  page  92,  and  the  microscopical  appear- 
ances have  been  represented  by  Fig.  48.  The  clot  consists  of  the 
fibrine  of  the  blood,  together  with  the  blood-corpuscles,  both  red. 
and  colorless;  and  its  lower  part  is  of  a  darker,  and  the  upper  part 
of  a  brighter  red  than  the  original  blood.  Arterial  blood  coagu- 
lates more  rapidly  than  venous;  and  the  blood  of  women  more 
rapidly  and  less  firmly  than  that  of  men. 
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Seen  under  the  microscope,  while  circulating,  the  blood  consists 
(1)  of  a  fluid  portion — the  liquor  sanguinis — containing  (2)  histo- 
logical elements  of  two  kinds,  viz.,  the  white  and  the  red  corpuscles. 
Of  1,000  parts  of  blood,  510  to  520  are  corpuscles,  and  &om  490  to 
480  are  liquor  sanguinis. 

1.  The  lAquoT  Sanguinis. 

The  fluid  portion  of  the  blood,  called  the  liquor  sanguinis,  blood- 
plasma,  and  the  intercellular  fluid  {Lehmann),  consists  of  the  serum 
already  mentioned  and  the  fibrine.  Its  specific  gravity  varies  but 
little  from  1028.  It  contains  all  the  elements  necessary  for  the  de- 
velopment of  the  tissues,  viz.,  those  of  the  first  class,  fat,  and  the 
albuminous  compounds  of  the  third  class.  It  also  contains  many 
of  the  principles  of  the  second  class  resulting  from  the  metamor- 
phosis or  dis-assimilation  of  the  tissues,  as  urea,  creatine,  &a  It 
may,  indeed,  be  regarded  as  a  solution,  in  903  parts  of  water,  of  97 
parts  of  the  principles  just  mentioned ;  for,  though  not  all  of  the 
latter  are  directly  soluble  in  water,  it  has  been  shown  that  all  are 
actually  in  solution  in  the  blood  (pp.  55  and  48). 

The  following  is  an  analysis  of  1,000  parts  of  liquor  sanguinis, 
by  Lehmann,  the  specific  gravity  being  1028 : — 


Water 902.90 

Solid  constituents     ...      97 


.90) 
.10) 


Fibrine 4.05 

Albumen 78.84  to  98. 

Fat 1.72 

Extractive  matters 3.94 

Mineral  Substances  (8.55). 

Chlorine 3.644 

Sulphuric  acid  .        .        .        .0.115 

Phosphoric  acid        .        .        .  0.191 

Potassium         ....  0.323 

Sodium 3.341 

Oxygen 0.403 

Phosphate  of  lime    .        .        .  0.311 

Phosphate  of  magnesia     .        .  0.222 . 

The  fibrine  constitutes  4.05  in  1,000  of  the  plasma  alone,  and  from 
2  to  2.2  (about  3 — Lehmann)  in  1,000  of  the  whole  blood.    Arterial 
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ooDtains  more  than  venous  bloo4.  There  is  but  little  in  the  portal 
TeiD|  less  in  the  splenic,  and  a  mere  trace  or  none  at  all  in  the  he- 
patic. We  shall  recur  (p.  158)  to  its  uses  in  the  blood,  and  its  rela- 
tions to  the  tissues,  afler  speaking  of  the  other  elements  in  the 
plasma. 

The  serum  is  best  obtained,  in  its  isolated  state,  from  coagulated 
blood,  after  the  contraction  of  the  clot  has  ceased.  It  is  sometimes 
seen  to  contain  a  quantity  of  undissolved  particles  in  suspension, 
which  give  it  a  milky  appearauce,  and  which  consist  of  fat-globules, 
granules  of  precipitated  albumen,  or  of  colorless  (cytoid)  blood- 
oorpuscles. 

The  amount  of  water  in  the  serum  is  generally  directly  propor- 
tioned to  that  in  the  whole  blood,  and  inversely  to  the  number  of 
the  blood-corpuscles.  A  very  watery  serum,  however,  necessitates 
an  increase, of  water  in  the  individual  blood-corpuscles,  from  endos- 
mosis.  In  the  serum  of  the  blood  of  adult  males  it  averages  90.5 
per  cent;  in  that  of  females,  especially  during  pregnancy,  somewhat 
more.  Arterial  blood  contains  more  water  than  that  of  the  veins ; 
that  of  the  portal  vein,  however,  contains  the  most  water  of  all  of 
the  latter,  especially  during  digestion,  and  the  blood  of  the  hepatic 
vein  less  than  that  of  any  other  vessel  The  serum  becomes  more 
watery  in  most  diseases,  except  in  the  first  stages  of  typhus  fever, 
measles,  scarlet  fever,  and  cholera.  The  blood  of  the  amphibia 
contains  more  water,  and  that  of  birds  less,  than  the  blood  of  the 
mammalia. 

The  principal  constituent  of  the  blood-serum  is  aUmmenj  of  which 
there  is  from  7.9  to  9.8  per  cent.;  and  from  63  to  70  parts*  in  1,000 
of  blood.  {Becqverel  and  Rodier)  Arterial  blood  contains  less  albu- 
men than  venous;  in  the  horse,  as  9.2  to  11.4.  {Lehmann)  The 
blood  of  the  hepatic  vein  is  very  rich  in  it,  while  the  portal  vein 
has  stiU  less  than  the  arteries.  The  quantity  of  albumen  in  the 
blood  of  the  veins  increases  considerably  during  digestion.  Human 
blood  contains,  on  an  average,  more  albumen  than  that  of  most 
mammalia.  In  most  diseases  the  amount  of  albumen  is  diminished, 
it  having  been  found  increased  only  in  plethora,  intermittent  fever, 
and  cholera. 

It  is  not  yet  satisfactorily  demonstrated  that  caseine  exists  in  the 

'  This  inolades  aboat  4  parts  of  albominoee.  {Robin  and  VerdexL)  Lehmann^R 
analjBis  wonld,  however,  giro  onlj  aboat  44  in  1,000  parts  of  blood,  which  is  pro- 
bftU J  nearer  the  fkct. 
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blood-serum  even  of  pregnant  women,  and  of  the  placental  vessels. 

The  "serum-caaeine"  may  be  merely  albumen  deficient  in  alkali  and 
salts.  {Lekmann.) 

The /ate  of  the  aerum  consist  principally  of  elearic,  oleic,  and 
margaric  acids,  and  cholesterine.  What  has  been  called  "seroline" 
is  a  mixture  of  the  crystallizable  part  of  these  fats ;  these  prepou' 
derating  in  the  serum,  while  the  more  oily  and  yellow-colored  are 
found  in  the  red  corpuscles.  Phosphoretted  substances  soluble  in 
ether  do  not  exist  in  the  serum,  though  they  do  in  the  corpuscles. 
The  amount  of  fat  in  the  serum  is  not  precisely  determined,  but  it 
is  constantly  increased  during  digestion.  It  is,  on  the  average, 
more  abundant  in  the  serum  of  women  than  in  that  of  meu.  The 
blood  of  the  veins  contains  more  fat  than  that  of  the  arteries,  and 
the  portal  vein  the  most  of  all  {p.  77).  In  diseases,  the  ordinary 
fats  appear  to  diminish,  while  the  cholesterine  increases. 

Olvcose,  or  grape  sugar  (p.  70),  is  also  a  constituent  of  the  blood- 
serum,  though  in  extremely  small  quantity.  After  the  use  of  amy- 
laceous or  saccharine  food  it  may  be  increased  to  0.5  per  cent.  The 
blood  of  tlie  hepatic  vein  abounds  in  sugar,  while  that  of  the  portal 
vein  contains  only  traces  of  it.  Bernard  has  found  that  the  glucose 
is  formed  in  the  substance  of  the  liver,  and,  sometimes  at  least,  from 
a  nitrogenized  material,  M.  Figuier's  statement,  that  the  sugar  is 
formed  in  the  portal  vein  and  stored  up  m  the  liver,  has  not  yet 
been  confirmed. 

Urea,  hippuric  acid,  creatine,  and  creatinine  exist  in  serum,  but  in 
quantity  too  small  to  be  determined.  A  peculiar  yelhw  coloring 
matter  has  also  been  supposed  to  exist  in  it,  but  this  is  not  decided. 

Formic,  acetic,  and  lactic  acids  may  also  exist  in  the  serum,  since 
the  first  is  formed  in  the  perspiration,  and  the  last  in  the  muscles; 
but  they  have  been  detected  only  in  the  blood  of  the  splenic  vein. 
Hypoxanthine  has  been  found  in  the  blood  of  the  spleen.  It  occurs 
also  in  case  of  leucaemia ;  as  do  the  three  acids  just  mentioned,  and 
glutin. 

Biiiary  coloring  matter  and  acids  occur  only  in  diseased  blood,  and 
sometimes  when  there  is  no  decided  lesion  of  the  liver. .  Uric  acid 
has  been  found,  with  certainty,  only  in  diseased  blood,  especially  in 
arthritis. 

Of  the  mineral  constituents  of  the  acrum,  the  chloride  of  sodium 
ia  the  most  abundant,  averaging  61  per  cent,  of  the  ash.  Next  is 
carbonate  of  soda,  28,9  per  cent.     Chloride  of  potassium  varies 
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mach,  but  averages  about  4  per  cent,  of  the  ash ;  the  phosphate  of 
soda  about  8  per  cent. ;  while  the  sulphate  of  potassa  depends  mostly 
on  the  manner  of  incineration.  The  salts  together  average  about 
J65  per  cent  of  the  serum.  They  are  more  abundant  in  the  blood  of 
men  and  of  adults  than  in  that  of  women  and  children.  There  are 
more  salts  in  arterial  than  in  venous  blood,  except  that  of  the  portal 
blood,  which  contains  more  than  that  of  the  arteries.  In  case  of 
repeated  bleedings,  more  salts  are  found  in  the  blood  last  drawn 
than  in  the  first.  The  serum  salts  are  much  diminished  in  violent 
inflammations,  and  still  more  so  in  cholera ;  while  they  are  consi- 
derably increased  in  acute  exanthemata,  typhus,  dysentery,  Bright's 
disease,  and  especially  in  dropsy. 

The  carboncUe  of  ammonia  is  found  in  the  blood  only  in  severe 
diseases,  and  especially  in  uraemia;  and  almost  always  in  the  blood 
of  cholera  patients. 

Origin, — The  liquor  sanguinis  is  derived  from  the  lymph  and  the 
chyle,  principally  from  the  latter. 

The  sources  from  which  its  mineral  constituents  are  originally 
derived  have  been  specified  in  connection  with  each  of  the  imme- 
diate principles,  in  the  first  part  of  this  work.  The  fats  are  almost 
entirely  taken  in  the  food.  The  albumen  is  derived  directly  from 
albuminose ;  the  latter  being  formed  in  the  small  intestine,  as  has 
been  shown  (p.  87),  from  the  digestion  of  the  albuminous  sub- 
stances (albumen,  caseine,  and  fibrine)  and  the  peculiar  organized 
immediate  principles  (osteine,  musculine,  elasticine,  &c.)  of  the  food. 
The  fibrine  is  also  formed  at  once  from  the  albuminose,  or  from  the 
albumen  in  the  blood. 

Uses. — From  the  liquor  sanguinis  all  the  tissues  and  the  fluids, 
except  chyle,  are  formed,  unless  the  blood-corpuscles  also  have 
some  part  in  the  development  of  the  former ;  which  will  be  shown 
to  be  improbable  when  the  functions  of  the  corpuscles  are  discussed. 

Nor  is  it  diflBcult  to  decide  what  is  the  precise  function  of  each 
of  the  elements  of  the  liquor  sanguinis,  excepting  the  albumen  and 
the  fibrine.  The  water  is  indispensable,  both  as  a  solvent  o^  and 
as  a  vehicle  for  carrying,  the  blood  constituents  to  the  capillaries; 
and  it  also  enters  into  the  composition  of  all  the  solids  and  fluids 
of  the  body  (p.  45).  The  salts  are  essential  constituents  of  the 
tissues  and  the  fluids,  and  the  use  of  each  is  specified  in  the  first 
part  of  this  work.  E,  g,  common  salt  aids  in  the  assimilation  and 
the  dis-assimilation  of  the  tissues,  and  prevents  the  solution  of  the 
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blood-corpuaclea  in  tho  serum,  {p.  50).  The  phosphate  of  lime  is 
indispensable  for  the  formation  of  bone.  The/ate  are  also  required 
for  the  development  of  adipose  tissue,  and  the  formation  of  all  ibe 
fluids  containing  fat  (p.  77);  while  the  other  principles  of  the 
second  class,  as  urea,  creatine,  creatinine,  &c.,  result  &om  the  diB- 
aasimilation  of  the  tissues,  and  are  to  be  eliminated  from  the  blood, 
in  the  excretions,  as  effete  materials. 

In  regard  to  the  uses  of  albumen  and  fibrine,  it  is  generally 
asserted  by  authors  that  the  former  exists  in  the  blood  prJncipaUj 
as  the  material  from  which  the  fibrine  is  formed,  though  it  also 
becomes  solidified  in  certain  organs  (especially  the  nervous  centres), 
and  forms  a  part  of  the  serous  secretions  and  the  transudations; 
while  the  fibrine  is  the  only  plastic  or  organizable  element  in  the 
liquor  sanguinis,  and,  therefore,  the  one  from  which  all  the  tissues 
are  formed. 

But  in  the  first  place,  it  is  impossible  that  any  single  immediate 
principle  can  be  the  source  of  all  the  tissues,  since  all  of  the  latter 
consist  of  several  of  these  principles  combined.  The  phosphate  and 
carbonate  of  lime  ara  as  indiapensable  in  the  formation  of  bone  as 
ia  the  organic  substance  which  unites  with  them,  whether  it  be 
formed  f?ora  fibrine  or  albumen.  Hence,  also,  both  albumen  and 
fibrine  naturally  have  these  salts  and  some  others  always  associated 
with  them  (pp.  84  and  90).  So  far  as  tliia  point  is  concerned,  therefore, 
albumen  may  be  a  plastic  element  as  well  as  fibrine ;  and  it  occurs 
at  once  as  improbable  that  all  the  tissues  can  be  developed  and 
nourished  from  an  element  constituting  only  about  ^1)  part  {Ltk- 
mann)  of  the  blood,  while  another  similar  immediate  principle  ex- 
ists in  at  least  twenty  times  ("nearly  twenty  times" — Le/imarm)  that 
amo'int.  But  we  proceed  to  examine  the  grounds  of  the  view 
usually  entertained. 

1.  The  tissues  are  said  to  be  developed  and  nourished  from 
fibrine  only,  because  all  plastic  exudations  contain  fibrine.  If  this 
were  true,  we  might  also  remember  that  they  also  contain  albumen. 
But  Lehmann  asserts  that  plastic  exudations  are  sometimes  entirely 
deficient  in  fibrine.'  Fibrine,  therefore,  cannot  be  the  onl)/  organ- 
iz&ble  element  in  the  liquor  sanguinis,  at  any  rate ;  albumen  must 
be  organizable  in  exudations  containing  no  fibrine.  And  if  so  in 
such  cases,  it  is  probably  in  all,  for  we  find  no  exudations  not 


I  Physioiogka!  Chumiatry,  vol.  ii.  p.  290. 
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eontaming  albumen.  Gluge's  assertion,  that  "the  organization  of 
fibrine  into  fibres  and  cf??s  is  a  matter  of  direct  observation,"  has 
already  been  quoted  (p.  119).  We  know  that  it  ia  developed  into 
fibres  by  mere  coagulation,  bat  have  shown  that  there  ia  no  proof 
of  cells  being  developed  from  fibrine.  On  the  other  hand,  they  are 
probably  never  developed  from  fibrine,  but  from  albumen  rather; 
fibrine  never  rising  to  a  higher  organization  than  mere  simple  fibre. 
2.  It  ia  asserted  that  false  membranes  are  at  first  formed  from 
organized  fibrine  alono,  and  that  this  is  subsequently  converted  into 
a  higher  tissue,  usually  some  modification  of  the  areolar.  It  is  true 
that  the  future  new  membrajie  is  at  first  shadowed  forth  by  the 
fibriHated  fibrine.  The  latter  is,  however,  either  ultimately  reab- 
sorbed and  replaced  by 

other  permanent  tissues;  ^'B-  "*■ 

or  the  fibres  themselves 
remain,  and  present  the 
appearance  represented 
by  Fig.  94.  The  fibril 
lated  fibrine  constitutes 
the  matrix  or  nidus  in 
which  the  cells  and  other 
histological  elements  (if  : 
any)  are  developed  from 
the  albumen  and  other 
immediate  principles,  as 
there  ia  every  reason  to 
believe;  and,  having  per-  ^ 
formed  this  temporary 
function,  the  fibrine  usually  disappears.  If,  however,  no  other  his- 
tological elements  arc  formed  in  it,  it  sometimoa  remains.  The  fact 
ia  undoubted  that  it  is  the/irt'ne  which  ia  organized  into  the  fibres, 
and  this  alone  shows  that  it  cannot  be  also  organized  into  higher 
elements  and  tissues;  for  every  histological  element  has  its  own 
identity  and  independent  vitality.  Hence  fibres  are  never  converted 
into  cells,  nor  any  one  tissue  into  another  (p.  82),  It  must,  there- 
fore, be  something  else  that  is  converted  into  cells  and  tissues,  and 
we  cao  assign  no  other  element  than  the  aVmmen.  In  respect  to 
the  tissues,  therefore,  aUmmen,  and  not  fibrine,  is  the  -plastic  element 
of  the  blood-plasma.    Ordinarily,  however,  the  coagulated  fibrine 
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niTiat  shadow  forth  the  future  tisaue  as  its  matrix,  and  beace  it  is 
almost  always  present  in  the  plastic  exudations. 

The  histological  relations  of  the  fibrine  in  the  liquor  Banguinis 
are,  therefore,  it  is  believed,  comprised  in  the  following  paragraphe 
(pp.91  and  95);— 

1.  Fibrine  is  the  prinrnm  organizaium  of  the  liquor  aanguiaia,  the 
element  first  organized  in  the  plasma.  It  therefore  becomes  the 
matrix  or  nidus  iu  which  other  and  more  permanent  tissues  are  de- 
veloped. This  is  also  the  fact,  whether  the  original  development 
of  the  tissues,  or  the  formation  of  pathological  new  growths,  or  the 
normal  reparative  process,  bo  in  question.  Hence  the  blood  of 
pregnant  women  contains  an  increase  of  fibrine  (to  4.4  parts  in 
1,000)  during  the  last  two  or  three  months  of  pregnancy,  while  the 
tissue.'^  of  the  fa?tns  (and  its  blood,  also)  are  being  most  rapidly 
developed  (p.  91). 

2.  But  fibrine  has  also  a  rot  less  important  relation  to  the  bloodilstlf. 
The  blood,  as  well  as  the  tisaaes,  has  its  own  vitality  to  maintain; 
and  without  its  power  of  coagulation,  depending  on  its  fibrine,  the 
spontaneous  arreat  of  hemorrhage  would  be  impossible.  Nor, 
indeed,  could  art  long  restrain  it,  were  even  the  smallest  vessel 
divided,  without  the  aid  of  the  clot  invariably  formed  (p.  91). 
When  we  use  pressure  to  arrest  hemorrhage,  or  apply  a  ligature,  it 
does  so  merely  till  the  clot  is  formed  and  sufficiently  organized  to 
allow  of  the  removal  of  the  artificial  appliances. 

3.  Fibrine  is,  therefore,  a  peculiar  and  indispensable  element  of 
the  hhod,  merely  aa  mdi.;  and  it  is  surprising  that  so  small  a  propor- 
tional amount  (jij  to  jj^),  has  the  power  to  secure  the  temporary 
solidification  of  all  the  blood  effused  in  hemorrhages.  Hence  it  may 
be  said,  indeed,  that  fibrine  exists  first  and  especially  for  the  advan- 
tage of  the  blood  alone ;  and  secondly,  for  the  benelit  of  the  tissues. 
Thus,  also,  it  appears  that  the  vitality  of  the  blood  inheres  in  the 
fibrine;  though  in  part  only,  as  will  appear  in  the  sections  upon  the 
blood-corpnscles.  Mr.  Simon  maintained  that  fibrine  is  anexcremen- 
titious  matter.  Difficult,  however,  as  it  may  be  to  account  for  its 
increase  in  the  blood  in  certain  pathological  states,  we  are  obliged  to 
reject  at  once  the  idea  that  the  blood  owes  its  vitality,  in  part,  and 
its  power  of  self-preservation,  to  an  ejfete  substance  floating  in  it 

On  the  other  hand,  albumen  is  the  great  histogendic  element  of 
the  blood,  since  from  it  all  the  tissues  are  directly  formed.  Thus 
it  is,  indeed,  directly  the  pabulum  of  the  tissues.     It  is  also,  pro- 
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bablj,  the  source  of  the  fibrine  in  the  plasma;  both  the  latter  and 
the  tissues  assimilating  it  to  themselves  (p.  86). 

2.  The  Bhod-corpuacles, 

The  blood  of  the  lowest  animals  consists  of  a  flaid  merely,  the 
analogue  of  the  liquor  sanguinis  already  described.  As  we  ascend 
in  the  scale,  we  first  find  colorless  corpuscles  added  to  this  por- 
tion ;  and,  in  the  vertebrate  animals,  still  a  third  element,  also,  the 
colored  corpuscles. 

A.  The  Colorless  Corpuscles  of  the  Blood. 

The  colorless  corpuscles  of  the  blood  (lymph-corpuscles — Figs. 
95  and  96)  are  the  cytoid  corpuscles  already  described  (p.  145)  as 
existing  in  lymph,  chyle,  and  exuda- 
tions.     They  are  far  less  numerous  Fig.  96. 
than  colored  corpuscles  (1  to  346,  or        ^P      O     ^  ^a.  # 

have  a  granular  cell-membrane,  or  — ^     ^       ^ 

capsule,  and  either  a  single  round  or  coiori«M  wood-corpMcies.  (Magnified 400 

.^  t  1  11  dlamet«ra.) 

leniform  nucleus,  or  several  small  nu- 
clei heaped  /upon  each  other.  They  are  lighter  than  the  red  cor- 
puscles, since  they  contain  a  larger  amount  of  fat,  and  are  also  de- 
ficient in  the  iron  contained  in  the  latter.  The  capsule  is  so  viscid, 
that  they  possess  a  well-marked  tendency  to  conglomerate  into  larger 
or  smaller  groups.  Hence,  while  circulating  in  the  capillary  vessels, 
they  are  seen  rolling  slowly  along  upon  the  internal  surface,  while 
the  red  corpuscles  move  rapidly  on  in  the  central  portion  of  the 
blood-column.    Their  quantitative  analysis  has  not  been  attempted. 

The  cell-membrane^  or  capsule,  is  probably  an  albuminous  sub- 
stance. 

The  contents  of  the  cytoid  corpuscles  consist  of  an  albuminous 
solution,  containing  extremely  fine  granules  in  suspension,  most  oi' 
which  are  formed,  doubtless,  of  fat.  A  distinct  molecular  motion 
is  produced  in  them  by  the  endosmotic  action  of  water. 

■  Molesohott  finds  the  proportion  in  children  2(  to  12  jears  old,  as  1  to  226 ;  at 
22  years,  1  to  330 ;  30  to  50  jears,  1  to  346 ;  60  to  80  years,  1  to  381 ;  women  when 
manstmating,  1  to  247 ;  not  menstruating,  1  to  389 ;  in  pregnancy,  1  to  281. 


even  400  in  adults'),  are  more  globu-  ^      #     ^ 
lar,  though  not  perfectly  spherical,      ^^ff^  ^   ^ 

and  are  not  elastic.     They  average      ^  ^         ^w 

lAo  ^^  *^  ^"^^  ^^  diameter.    They  ^»     '^    A  ^Bf^ 
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The  nuclei  are  single,  double,  triple,  or  multiple.    They  are  r 
dered  more  visible  by  the  action  of  water,  but  dilate  acetic  acid 
exposes  them  by  dissolving  the  cell-wall. 

The  size  of  the  colorless  corpuscles  is  varied  by  the  endosmotic 
action  of  the  fluid  portion  of  the  blood ;  hence  the  richer  the  blood 
is  in  water,  the  larger  they  are,  and  vice  versa  (p.  145). 

The  cytoid  corpuscles  of  the  blood  are  more  abundant  in  young 
animals,  and  after  venesection;  and  in  the  bloodof  pregnant  women 
during  the  last  months  of  pregnancy.  They  are  also  more  abun- 
dant in  venous  blood,  [KolUker.)  An  abnormal  development  of 
them  constitutes  leicasmm.  Pyiemia,  also,  is  scarcely  distinguish- 
able from  the  latter,  since  the  pus-corpuscle  is  not  to  be  distin- 
guished from  that  under  consideration,  as  will  be  shown  aoder  the 
head  of  "Pus." 

Onjm.— The  colorless  blood -corpuscles,  like  all  other  cytoid  cor- 
puscles (p.  146),  are  originally  developed,  by  free  cell-development, 
in  the  lymph,  the  chyle,  and  perhaps  also  the  liquor  sanguinis. 
Secondarily,  however,  new  cells  may,  doubtless,  be  developed  from 
pre-existing  ones,  and  thus  their  multiplication  seems  actually  to 
occur.  Lehmann  states  that  they  are,  "under  certain  conditions, 
doubtless  formed  in  the  liver ;  but  their  formation,  or,  at  all  events, 
thoir  development  and  growth,  are  not  confined  to  any  one  deflnite 
locality,  but  proceed  in  the  vessels  of  very  different  organs."  Kol- 
liker  maintains  that  the  cytoid  cor- 
^8-  98-  puscles  of  the  chyle  originate  in  the 

a  minutest  lacteals.   He  there  found  nu- 

MtL         I,    ^         0  clei,  either  free  or  surrounded  by  gran- 

•  •  — /        ules,  and  very  fragile  young  cells,  with 

vralls  almost  touchiug  the  nucleus,  and 
states  that  they  increase  in  size  on 
their  way  to  the  thoracic  duct.  In  the 
latter  he  found  none  of  these  nuclei, 
but  two  kinds  (larger  and  smaller)  of 
lymph-granules;  and  maintains  that 
the  smaller  only  are  converted  into 
the  red  blood -corpuscles,  while  the 
larger  are  gradually  dissolved  in  the 
blood.  The  various  phases  of  their 
development  are  shown  in  Fig.  96. 
Uses. — Histologically,  the  cytoid  cor- 


.; 


•  * 
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pusdes  of  the  blood  (especially  the  smaller)  may  be  regarded  as 
merely  a  transitional  stage  of  development  of  the  red  corpuscles. 
The  idea  of  Kdlliker,  however,  that  they  are  not  all  converted  into 
the  colored  corpuscles  in  the  human  body,  is  confirmed  by  com- 
parative histology;  since  in  all  the  white-blooded  animals  they  are 
arrested  in  their  development,  and  form  no  colored  corpuscles, 
though  they  are  in  some  animals  quite  abundant. 

The  manner  in  which  the  red  corpuscles  are  developed  from 
those  under  consideration  will  be  specified  in  the  following  section 
(p.  168).  But  it  should  be  here  added  that  even  in  the  white-blooded 
animals  they  cannot,  during  their  development  and  their  metamor- 
phosis, be  without  influence  on  the  composition  of  the  blood,  and 
thus,  directly  or  indirectly,  on  the  development  and  .the  metamor- 
phosis of  the  tissues.  Besides,  they  will  incidentally  secure  a 
patulous  condition  of  the  minute  vessels,  and  thus  subserve  the 
circulation  of  the  liquor  sanguinis  in  these  species.  The  former 
remark  may  also  be  applied  to  the  human  cytoid  corpuscles,  since 
they  are  living  cells  manifesting  an  active  interchange  of  matter 
with  the  blood-plasma. 

To  them,  therefore,  as  well  as  to  the  fibrine,  the  blood  owes  its 
vitality.  Those  who  maintain  that  fibrine  is  the  p(xbulum  of  all  the 
tissues,  have  suggested  that  the  colorless  corpuscles  elaborate  fibrine 
firom  the  albumen  in  the  blood.  This  is  quite  improbable;  for 
though  the  amount  of  fibrine  and  the  number  of  colorless  corpuscles 
are  sometimes  simultaneously  increased  (as  in  inflammation),  there 
are  no  grounds  for  the  opinion  that  these  cells  contain  any  fibrine 
at  all.^  In  leucaemia,  also,  the  cells  are  abnormally  numerous 
(even  one  to  three  red  blood-corpuscles),  while  the  fibrine  is  not 
increased ;  and  the  same  is  also  true  of  the  blood  of  young  and 
growing  animals.  They  are,  therefore,  to  be  regarded  as  entirely 
independent,  histologically,  of  fibrine,  and  their  increase  or  dimi- 
nution must  be  attributed  to  causes  acting  independently  upon 
them.  Wherever  growth  is  going  on,  cytoid  corpuscles  appear — 
e.  g.  in  new  formations,  reparative  or  otherwise,  or  in  the  original 
development  of  the  tissues — and  it  might  be  expected  that  they 
would  be  developed  rapidly  in  the  blood  also  of  young  animals,  as 
one  of  its  normal  constituents ;  its  metamorphosis  being  rapid,  as 

'  An  increase  of  fibrine  in  the  blood  is  perhaps  always  attended  bj  an  increase 
of  white  corpuscles,  bat  the  converse  of  this  does  not  hold. 
11 


Fig.  «7. 


I 
I 


wuU  as  that  of  the  tissues.  On  the  other  hand,  in  leucsamia  ttere 
appears  to  be  rather  a  general  arrest  of  development  of  the  white 
corpuscles,  and  thus  a  great  proportional  diminution  of  the  colored 
ones.  That  the  cytotd  corpuscles  of  the  blood  are  also  liable  to  dis- 
ease, espeoiallj  to  fatty  degeneration,  is  a  lact  recently  established 
by  the  investigalionfl  of  Wedl  and  others. 

B.  The  Colored  Bhod-corpuscles, 
The  colored  blood-corpuscles  (red  corpuscles,  blood-cells,  blood- 
disks — Fig,  97),  which,  in  their  natural  or  moist  state,  constitute  510 
to  520  parts  in  1,000  of  blood,  and 
about  one-half  of  its  mass,  are  thick, 
circular,  slightly  biconcave  disks,  ave- 
raging ssSs  of  an  inch  {^^'^v  to  aVos. 
ffassall)  in  diameter.    Their  thickness 
at  the  circumference  is  about  one-fifth 
of  their  diameter.     Their  specific  gra- 
vity is  1088.5  to  1088.9  in  men,  and 
10S6  to  1088  in  women.    They  consist 
«uu <itsiD*t«n.}  ^j,  ^  QQ^Qpjgaa  cell-membrane,  with  red, 

or,  by  transmitted  light,  yellow  viscid  contents.  Some  of  them  are 
also  originally  found  to  contain  one  or  more  amorphous  granules, 
but  none  ever  contain  a  nucleus.  The  corpuscles  of  the  embryo 
are  somewhat  larger  than  they  are  after  birth.  All  the  mammalia 
have  circular  and  discoid  blood-corpuscles,  except  the  camel,  the 
dromedary,  and  the  lama,  in  which  they  are  elliptical  and  biconvex. 
In  birds  the  corpuscles  are  long  and  oval,  elevated  in  the  centre, 
and  thick  at  the  margin;  in  the  amphibia  they  are  oval  and  very 
convex.  Those  of  most  mammalia  are  smaller  than  those  of  man, 
while  those  of  the  amphibia  are  far  larger — in  some  cases  (the  pro- 
tens)  3  Jo  of  an  inch  in  diameter. 

The  following  are  the  mean  dimensions  of  the  blood-corpuscles  of 
several  of  the  lower  animals,  compared  with  la&n {Schmidt): — 
Mau   ■     .  ji"ji         Mouse     .  ^jigg         Elephant   .  ^-^t 


Dog 
Kabbit 
Bat  . 
Pig    . 


Ox 
Cat     . 
Horse 

Sheep 


tBon 


I'^rog  til  to  TsVr 

Siren     .    .   jU  * 

Proteus     .   j4o  J 


It  is  evident  that  the  blood-corpuscles  and  their  viscid  contents 
must  have  a  different  composition  from  the  intercellular  fluid,  or 
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liquor  sanguinis,  in  which  they  float.    The  following  is  Lehmann's 
analysis  of  1,000  parts  of  corpuscles,  the  specific  gravity  being 
1088.5,  the  water  being  to  the  solids  as  2.14  to  1,  and  the  or- 
ganic to  the  inorganic  constituents  as  40  to  1. 
One  thousand  parts  of  blood-corpuscles  contain — 


Water 688.00 

Solids 812 


.00  ) 
.00  ) 


8.12 


HflBmatine 16.75 

Olobuline  and  cell-membranes      .        .        .  282.22 

Fat 2.31 

Extractive  matters 2.60 

Mineral  svhstancea  unthout  iron  (8.12). 

Chlorine 1.686 

Sulphuric  acid      ....  0.066 

Phosphoric  acid    ....  1.134 

Potassium 8.828 

Sodium         .        .        .'       .        .  1.052 

Oxygen 667 

Phosphate  of  lime        .        .        .  .114 

Phosphate  of  magnesia         .        .  .078 

The  QeH-mernbraneSj  once  erroneously  believed  to  be  fibrine,  when 
laolated,  form,  in  the  moist  state,  a  whitish-gray  adhesive  mass,  which 
has  not  a  fixed  composition.  {Lehmann.)  In  the  hepatic  veins  the 
oell-membranes  are  distinguished  from  those  of  all  other  vessels  in 
not  being  made  entirely  to  disappear  by  the  addition  of  water. 
They  are,  probably,  an  albuminous  substance ;  but  not  fibrine,  nor 
the  deutoxide  of  protein,  as  has  also  been  stated. 

The  viscid  contenU  of  the  blood-corpuscles  have  been  said  to  con- 
sat  principally  of  the  coloring  matter  called  haematine,  held  in  solu- 
tion by  the  globuline.  Lehmann,  however,  terms  it,  as  a  whole, 
hoBmaUhcrysialline,  We  prefer  the  term  Jicemato- globuline  (p.  96). 
There  is  from  18  to  26  per  cent,  of  dry  haemato-globuline  in  the 
moist  corpuscles;  in  the  whole  blood,  firom  9  to  12  per  cent.  But 
the  haematine  and  globuline  do  not  stand  in  a  definite  numerical 
relation  to  each  other.  The  insoluble  ferruginous  substance  called 
btematine  does  not  exist  as  such  in  the  blood,  but  is  a  product  of 
the  transformation  of  the  actual  blood-pigment  (p.  103).  In  the 
blood  the  latter  is  soluble,  and  it  is  calculated  to  constitute  16  to  17 
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per  cent,  of  the  contents  of  the  blood-corpnacles  of  an  adalt  man. 
The  iron  in  the  ash  of  the  corpuscles  belongs  to  the  hasmatine 
alone,  and  varies  with  it — constituting  6.64  per  cent,  of  the  hrema- 
tine,  and  4.348  per  cent,  of  the  dry  corpuscles.  {Schmidt.')  But  a 
considerable  part  of  the  fals  of  the  blood  is  also  contained  in  the 
red  corpuscles — their  quantity  amounting  to  .2  or  .3  per  cent,  of  the 
moist  cells.  It  appears  that  more  fat  is  found  iu  the  cells  of  venous 
than  of  arterial  blood.  The  so-called  extractive  matters  also  exist 
in  the  blood -cor  p  uscles ;  of  which,  however,  neither  the  amount 
nor  their  precise  eompoaitioa  is  known.  Of  the  mineral  constitu- 
ents of  the  blood  corpuscles,  the  phosphates  and  the  combinatioM 
of  potassa  are  in  great  excess  over  the  chlorine  and  the  sodium 
combinations.  The  common  salt  is  confined  almost  entirely  to  tie 
serum  of  the  blood,  as  already  shown.  The  cells  of  arterial  blood 
always  contain  more  salts  than  those  of  venous  blood ;  but  those 
of  the  hepatic  vein  are  especially  rich  in  them.  Finally,  the  gasei 
of  the  blood  are  especially  contained  in  the  corpuscles.  These  are 
carbonic  acid  gas,  oxygen,  and  nitrogen.  Whipped  blood  absorbs 
IJ  times  its  volume  of  carbonic  acid  gas,  and  only  15  per  cent,  of 
its  volume  of  oxgen.  Nitrogen  is  not  more  largely  absorbed  by 
blood  than  by  water,  and  about  equal  quantities  are  found  in  arte- 
rial and  venous  blood.'  There  is  only  more  oxygen  relatively  to 
carbonic  acid  in  arterial  than  venous  blood;  the  proportions  being 
in  the  former  as  6  to  16,  and  in  the  latter  as  4  to  16.  That  these 
gases  exist  in  great  part  in  the  blood,  and  especially  in  the  cor- 
puscles, in  a  chemical  combination,  though  a  loose  one,  is  no  longer 
doubtful  (Lehmann);  there  being  from  11  to  14  times  the  amount 
that  could  be  taken  up  by  mere  mechanical  absorption.  The  hx- 
mato-globuline  manifests  a  remarkable  affinity  for  them.  There  are 
other  gases,  however,  as  carbonic  oxide  and  several  carbo-hydro- 
gens,  which  combine  with  the  corpuscles  so  energetically  as  to 
blacken  or  even  to  destroy  them.  It  has  already  been  stated  that 
the  gases  in  the  blood  are  in  afiuid  state  (pp.  43,  44). 


'  The  metallic  iron  oonstltntss  1  pnrt  to  230  cf  dry  corpuscles,  I  to  329  in 
women,  1  to  248  in  pcenmonitia,  1  to  269  in  chtoroBiB,  and  1  to  249  in  pr^Danoj; 
in  the  first  stage  of  typhna,  1  to  220.  The  blood-cells  in  the  hepatic  veins  coa- 
tain  bnt  tvo-thirds  aa  mnch  iron  as  those  in  the  vena  poKs  In  lijdnEmia  the 
cells  contain  an  eioess  of  peroxide  of  iron;  the  globuline  being  diminished,  and 
thus  the  hiamatinereliitively  inereaHed.  (SrJmirff.)  Berzelins  found  loss  iron  than 
Schmidt  in  the  iiy  corpusoles.    (See  p.  102.) 

•  Robin  and  Verdail  say  IJ  timei  as  mnch  in  arterfal  as  in  venoiu  blood.     
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Whipped  blood  also  coDtains  certain  morphological  elements 
<»\\eA  jUirinous  Jiakfs.*  They  do  not,  however,  consist  of  fibrine, 
but  are  more  allied,  chemically,  to  horny  substances ;  consisting  of 
epithelial  cells,  partly  from  the  inner  coat  of  the  vessels,  and  partly 
of  fragments  from  the  cuticle  of  the  observer,  as  Briich  suggests, 
which  have  fallen  into  the  blood.  The  fragments  of  destroyed  cell- 
membranes  have  also  been  mistaken  for  them. 

The  ccll-membrano  of  the  blood-corpuscles  being  powerfully  en- 
doamotic,  the  latter  undergo  changes  of  form  from  currents  between 
their  contents  and  the  intercellular  iluid,  and  hence,  also,  changes 
ia  speciBc  gravity.  The  latter,  of  course,  increases  when  water  is 
abstracted  from  them,  and  vice  versa.  Evaporation,  or  the  addition 
to  the  blood  of  small  quantities  of  neutral  alkaline  salts,  sugar,  or 
gam,  may  remove  a  part  of  the  water;  when  they  may  present  the 
shrivelled  appearance  represented  by 
Fig.  98.  Repeated  bleedings  also  ju- 
crease  the  specific  gravity  of  the  blood- 
oorpoacles.  {Lehmann) 

Oa  the  other  hand,  an  increase  of 
water  in  the  corpuscles  diminishes  their 
^)ecific  gravity,  and  may  distend  them 
till  ihey  become  almost  spherical,  or 
eveo  burst  Hence  their  lower  specific 
gravity  in  aniemia.  They  are  also  Bio»d^orp«i«.h.i.oii«ihrch.mi«i 
lighter  when  they  contain  an  excess  of  >g>uii. 

fktty  granules. 

These  changes  in  the  weight  and  the  form  of  the  blood-cells  affect 
both  their  tendency  to  sink  in  the  plasma  (and  thus  modify  the  ap- 
pearance of  the  clot),  and  also  modify  the  color  of  the  blood. 

1.  The  "tendency  to  sink"  is  increased  by  an  inoreased  specific 
gimvity  of  the  corpuscles;  and,  apparently,  also  by  an  excess  of  car- 
bonic acid  io  the  corpuscles,  and  a  diminished 
quantity  of  albumen  in  the  serum.  At  least, 
the  blood  in  inflammations  manifests  the  pecu- 
liarities of  composition  just  mentioned ;  and  in 
this  state,  also,  the  corpuscles  sink  more  rapidly 
than  those  of  healthy  blood.  The  eflect  of  this 
peculiarity  on  the  color  of  the  clot  has  been 
alluded  to  (p.  93).  The  aggregatlou  of  the 
corpuscles  into  nummular  rolls  (Fig.  99)  seems 

be  a  consequence,  rather  than  a  cause,  of  this 
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increased  tendency  to  sink,  since,  on  sinking,  they  necessarily  apply 
their  broad  aides  to  each  other. 

2.  The  prociae  cohr  of  the  blood,  as  a  whole,  depends  very  much 
on  the  shape  of  the  blood-corpuscles,  and  therefore  indirectly  upon 
physical  conditions,  some  of  which  have  been  already  mentioned. 
While  the  corpuscles  retain  the  biconcave  form,  their  color  is 
lighter;  when  distended  by  endosmosis  so  as  to  become  biconvex, 
they  disperse  the  light  more,  and  thus  render  the  blood,  as  a  whole, 
darker.  Hence  all  substances  abstracting  water  from  the  blood-cells 
without  decomposing  them,  and  thus  rendering  their  central  de- 
pression more  distinct,  produce  in  it  a  bright  red  to  a  vermilion 
color — as  aU  neutral  alkaline  salts,  solutions  of  sugar,  &c.;  while 
those  agents  which  render  them  more  nearly  spherical — as  water, 
ether,  and  dilute  organic  acids — give  to  the  blood  a  dark  b]uish-red 
color.  Still,  the  form  alone  does  not  always  determine  the  color; 
for  tlie  blood-cella  of  the  amphibia  are  naturally  biconvex,  and  can- 
not become  biconcave,  and  yet  they  are  colored  bright  red  by  the 
solutions  o£  sugar  and  of  the  salts  mentioned  above.  The  folloiving 
salts  produce  a  vermilion  color  in  the  blood  of  the  mammalia,  of 
birds,  and  of  the  amphibia:  sulphates  of  potash  and  soda,  nitrates 
of  potash  and  soda,  chloride  of  potassium,  phosjihate  of  soda,  car- 
bonate and  bicarbonate  of  soda,  ferro-cyanide  of  potassium,  borax, 
iodide  of  potassium,  aulpho-cyanide  of  potassium,  sal  ammoniac, 
sulphate  of  magnesia,  &c. 

But  the  thicJrness  of  the  cell-'memhranes,  and  their  amount  of  folding, 
must  also  influence  the  color  of  the  blood.  If  the  cells  are  collapsed, 
the  membrane  is  thicker  and  fulded ;  if  distended,  they  are  thinner 
and  smooth.  In  the  latter  case,  the  coloring  matter  shines  through 
in  its  natural  hue,  which  is  a  very  dark  red ;  as  in  a  thin  milk-glass 
a  dark  red  fluid  still  appears  so,  hut  in  a  thick  one,  light  red.  Hence 
the  darker  color,  usually,  of  venous  blood,  and  the  fact  that  all  sub- 
stances which  corrugate  the  cell-membranea  render  the  blood  dark 
red,  as  acetic  acid,  the  alkalies,  &c,  The  above-mentioned  salts,  when 
found  experimentally  to  give  a  brighter  color  to  the  blood  of  the 
amphibia,  are  seen  to  wrinkle  the  large  blood-cells.  According  to 
some,  oxygen  also  contracts,  and  carbonic  acid  gas  expands  the  cor- 
puscles; and  herein  is  another  cause  of  the  bright  color  of  arterial, 
and  the  darker  hue  of  venous  blood.  It  is  also  found  that  if  even 
colorless  solid  substances  strongly  reflecting  light  arc  mixed  among 
the  corpuscles,  they  give  to  the  mass  of  blood  a  brighter  red  tinge. 
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^  bright  color  of  the  fattj  blood  of  drunkards ;  and  the 

I  also  bright  red,  since  the  cytoid  corpuscles, 


mcsemia  i 
t  ftbounds,  strongly  reflect  t 

Thirdly,  it  must  be  admitted  that  chemical  combinations  with  the 
blood -pigment,  especially  of  oxygen  and  carbonic  acid,  afifect  the 
color  of  the  blood;  the  former  rendering  it  lighter,  and  the  latter 
darker  colored.  Indeed,  all  the  salts  which  at  first  contract  the 
blood-celb,  and  render  the  blood  lighter  colored,  entirely  dissolve 
them  when  in  a  more  concentrated  solution,  and  then  give  to  the 
blood  a  deep  dark-red  hue. 

The  proportional  amount  of  the  moist  corpuscles  has  already 
been  generally  stated  at  610  to  620  in  1,000;  the  extremes  in  adults 
being  472  and  642,  and  the  average  512.  The  blood  of  women,  how- 
ever, especially  in  pregnancy,  contains  a  smaller  proportion  of  them, 
which  is  also  diminished  by  repeated  losses  of  blood  and  other 
fluids.  Of  the  lower  animals,  the  blood  of  swino  contains  the 
greatest  amount  of  corpuscles;  that  of  the  amphibia  comparatively 
few  of  them. 

The  mumerntion  of  the  blood-cells  has  been  recently  attempted 
by  Vierordt  and  Welcker,  and  it  is  found  that  from  42,700,000  to 
46,500,000  corpuscles  exist  in  a  single  cubic  line  of  healthy  human 
bloodi  (ie/iJTMinn.)  Assuming  the  whole  amount  of  blood  to  be 
20  pounds,  their  whole  number  is  al>out  65  billions  and  570,000 
millions.     They  are  more  numerous  in  venous  blood,  {Kolliker) 

In  former  analyses,  the  blood-corpuscles  were  previously  dried, 
and  were  then  found  to  constitute  about  140  parts  out  of  1,000  of 
blood.  The  following  is  the  analysis  of  Becquerel  and  Eodier, 
showing  the  elements  in  the  liquor  sanguinis  and  corpuscles,  taken 
together ;  the  mean  being  given  for  both  men  and  women : — 
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too  high  ui  estlnutu  for  I1i«  albumen.     (Sw  note,  page  1G3.] 
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Origin. — The  blood-celU  first  formed  in  tbe  embryo  t 
have  their  origin  in  the  primordial  cells  of  the  germinal  structure ; 
some  of  these  developing  tissues,  and  others  becoming  isolated  and 
metamorphosed  into  blood-cells.  These  also  are  multiplied  by 
bipartite  division  {p.  126).  But  in  the  human  embryo  the  first 
brood  of  corpuscles  disappears  entirely  by  the  end  of  the  second 
month,  when  the  lymph  and  chyle  begin  to  be  poured  into  the 
blood,  and  when  they  are  superseded  by  those  developed  from  the 
lymph  and  chyle-corpuscles.  (Paget.)  The  first  blood-cells  are 
larger  than  the  subsequent  ones;  being  about  jj'jj  of  an  inch  in 
diameter,and  nucleated.  The  nucleus  is  jp'on  of  an  inch  in  diame- 
ter, central,  circular,  very  little  prominent  on  the  surface  of  the  c 


and  slightly  granular  or  tubercniatad.  Fig. 
100  shows  the  several  stages  of  their  develop- 
ment. 

The  doctrine  that  the  continued  development 
of  the  red  corpuscles  occurs  from  the  colorless 
corpuscles  of  the  blood,  is  the  most  plausible, 
though  open  to  some  objections.  Mr.  Whar- 
ton Jones  has  shown  that  in  the  whole  animal 
kingdom  five  forms  of  blooti -corpuscle  are  to 
be  met  with  (which  are  represented  by  Fig. 
101),  viz :  1.  Coarse  granule-cells  (o);  2.  Fine 
granule-cells  (h) ;  3.  Colorless  nucleated  cells 
(c);  4,  Colored  nucleated  cells  (d);  5.  Colored 
Don-nucleated  cells  (e),  or  perfect  red  cor- 
puscles of  man  and  Uie  mammalia.     These 
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flvB  forms  are  believed  to  correspond  to  as  niaay  stages  of  develop- 
ment. The  third  form  (the  colorless  nucleated  cell)  is,  however,  the 
bighest  stage  of  developmcDt  in  the  white  blood  of  the  invertebrate 
aoiinals.  The  "colored  nucleated  cell"  (fourth  stage)  ia  the  highest 
form  in  the  oviparous  mammalia;  while  the  "colored  non -nucleated 
0^^  is  the  perfect  blood-cell  of  the  mammalia.  It  does  not,  how- 
erer,  follow  that  the  human  blood-cell  passes  through  the  five  stages 
raentioaed  by  Mr.  Jones,  nor  tKat  any  stage  eorreaponda  precisely 
with  one  of  these.  There  is,  however,  a  general  correspondence 
not  without  interest.  The  following  account  of  their  development 
is  extracted  from  Mr.  Pagot's  lectures,'  and  which  may  be  accepted 
as  the  most  reliable  hitherto.    Fig.  102  represents  the  five  stages  of 

Fig.  102. 
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development  of  the  colorless  into  the  colored  cell ;  though  the  im- 
probability has  already  been  remarked  that  all  the  cytoid  corpuscles 
are  thus  transformed  (p.  161): — 

"The  white  corpuscle,  at  first  tuberculated,  containing  many  gran- 
ales,  and  darkly  shaded  (a),  becomes  smoother,  paler,  less  granular, 
and  more  dimly  shaded  or  nebulous  (b).  In  tbeso  stages  the 
cell-wall  may  bo  easily  raised  from  its  contents  by  the  contact  and 
penetraUou  of  acetic  acid,  or  by  the  longer  action  of  water  (c) ;  and, 
according  to  the  stage  of  development,  so  are  the  various  appear- 
ances which  the  contents  of  the  cell  thus  acted  on  present.  In  the 
regular  progress  of  development,  it  becomes  at  length  impossible 
to  raise  the  cell-wall  from  its  contents  (d).    Then  the  corpuscles 
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acquire  a  pale  tinge  of  blood  color,  and  this  always  ooinoides  with 

the  softening  of  the  shadows  which  before  made  them  look  neba- 
loiis,  and  with  the  final  vanishing  of  all  the  granules,  with  the  ex- 
ception sometimes  of  one,  which  remains  some  time  longer  like  a 
shining  particle  in  the  corpuscle,  and  has  probably  been  often  mis- 
taken for  a  nucleus  (e).  The  blood  color  now  deepens,  and  at  the 
same  rate  the  corpuscles  become  smooth  and  nniform;  biconcave, 
having  previously  changed  the  nearly  spherical  form  for  a  lenticular 
or  flattened  one ;  smaller,  apparently  by  condensation  of  their  sub- 
stance, for  at  the  same  time  they  become  leas  amenable  to  the  influ- 
ence of  water;  more  liable  to  corrugation  and  to  collect  in  clusteis; 
and  heavier,  so  that  the  smallest  and  fullest  colored  corpusded 
always  lie  deepest  in  the  field  (f).  Thus  the  most  developed  state 
of  the  mammalian  red  corpuscles  appears  to  be  that  in  which  they 
are  full-colored,  circular,  biconcave,  small,  uniform,  and  heavy.  This 
is  the  state  in  which  they  appear  to  live  the  longer  and  the  most 
active  part  of  their  lives.'" 

It  wiil  be  observed  that  Mr,  Paget  regards  the  mature  blood-co^ 
puscles  not  as  mere  free  nuclei,  as  some  observers  have  done  (p.  115), 
but  as  uon-nucleated  cells.  The  blood-cells  of  the  amphibia  are, 
however,  always  nucleated. 

Tlie  idea  maintained  by  Weber  and  others,  that  the  liver  ia  the 
special  agent  in  the  development  of  the  blood-cella  in  the^mbryo, 
appears  to  be  applicable  to  oviparous  animals,  but  not  to  the  warn- 
malia.  The  fact,  however,  that  the  blood  of  the  hepatic  vein  in 
roan  contains  a  much  greater  amount  of  blood-cells  than  docs  that 
of  the  vena  portie,  indicates  that  they  are  developed  with  peculiar 
activity  in  that  organ.  This,  towever,  may  be  a  mere  consequence 
of  the  fact  that  the  blood  of  this  vein  is  also  rich  in  colorless  cor- 
puscles, and  which  undergo  their  development  while  in  the  hepatic 
vessels,  independently  of  any  peculiar  action  of  the  liver  itsel£ 

Thus  the  life  of  the  blood  iB  seen  to  inhere  in  the  red  corpuscles, 
the  colorless  corpuscles,  and  the  fibrine  (pp.  158  and  161), 

Function. — The  view  which  ascribes  to  the  red  corpuscles  the 
function  of  absorbing  oxygen  while  in  the  lungs,  and  giving  it  par- 
tially off  in  the  capillaries,  while  they  also  absorb  carbonic  acid  in 
the  capillaries,  and  give  it  off  in  the  air  expired  from  the  lungs, 

'  The  neoeasitj  of  fatty  alementa  in  aid  of  the  development  of  the  blood-oeUs  U 
Inferred  from  their  oompositioti,  alreiulj  alateJ.  Hence,  ftlso,  their  rapid  formation 
from  the  ate  of  ood-Ii7er  oil,  m  obaerred  by  Popp. 
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In*  bwn  controverted  by  the  observations  of  Hannover  (p.  103)  and 
Uarchan'l;  though  Lehmann  regards  it  as  "completely  proved." 
The  fact  that  chlorotic  persona  exhale  as  much  carbonic  ncid  oa 
these  in  health,  may  he  explained  by  the  supposition  that,  there 
being  d  certain  amount  to  be  removed,  each  corpuscle  absorbs  more 
than  in  health ;  and  the  fact  that  the  liquor  sanguinis  always  ab- 
sorbs a  part  of  this  gas.  It  is  also  very  certain  that  a  part  of  the 
oxygen  taken  up  by  the  blood-cells  is  only  mechanically  absorbed, 
while  a  pan  (and  probably  the  greater  portion)  acts  chemically  upon 
their  constituents,  Lehmann  found  that  after  the  inspiration  of 
oxygen  the  mineral  substances  and  the  ha5maline  in  the  blood-cor- 
pooclea  increased,  while  the  organic  substances,  and  more  especially 
the  fats,  were  considerably  diminished ;  the  latter  being  destroyed 
by  oxidation,  and  their  effete  products  being  transferred  to  the 
intercellukr  fluid,  or,  at  all  events,  undergoing  a  considerable  loss 
of  weight  by  the  formation  of  carbonic  acid  and  water.  Heat  is 
also  evolved  in  connection  with  the  formation  of  the  latter. 

The  blood-cells,  therefore,  have  a  direct  relation  to  the  function 
of  respiration  (aeration),  and  to  the  rapidity  of  the  metamorphosis 
and  repair  of  the  tissues.  Hence,  in  the  different  species  of  animals, 
we  find  a  direct  ratio  between  the  normal  amount  of  the  blood-cells 
in  the  blood,  the  activity  of  the  aerating  process,  the  waste  of  the 
tissues  and  their  repair  (and,  of  course,  the  amount  of  food  required^ 
and  the  natural  (or  organic)  heat  of  the  organism.  But  the  oxygen 
merely  mechanically  contained  in  the  blood-cells  also  leaves  the 
latter  in  the  capillaries  and  combines  with  the  tissues,  thus  securing 
their  metamorphosis  also,  and  again  developing  heat. 

At  present,  therefore,  we  must  regard  the  blood-cells  as  the  great 
agents  for  effecting  the  dis-assimilation  of  the  tissu&s,  and  of  the 
Uood  itself.  And  since  vital  phenomena  are  impossible  without  a 
Oonstant  metamorphosis  of  the  molecules  of  the  tissues  manifesting 
them,  the  blood-cells  are  indispensable  in  all  the  more  active  species 
of  the  animal  kingdom,  and  incidentally  the  natural  temperature  of 
each  is  proportioned  to  their  activity.  Still,  the  corpuscles  are  only 
the  tpwial,  but  not  the  sole  carriers  of  oxygen ;  the  blood-plasma 
also,  to  some  extent,  possessing  that  power.  Hence  the  slow  dis- 
assimilation  and  low  temperature  of  the  invertebrata  may  be  secured 
without  them.  In  some  of  the  latter,  also,  which  possess  a  high 
degree  of  activity  (as  the  insects),  the  corpuscles  are  not  required, 
nnoe  oxygen  is  brought  into  direct  contact  with  all  their  tissues 
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tbrough  the  ramifications  of  the  trachece,  which  open  upon  the  sur- 
face of  their  bodies. 

Lchmann's  idea,  ttat  the  blood-ceUs  are  laboratories  in  trhich  the 
individual  constituents  of  the  plasma  are  prepared  for  the  higher 
function  of  aiding  in  the  formation  and  reproduction  of  the  tissues, 
is  scarcely  tenable,  since  the  nutrition  of  the  tissues  is  equally  per- 
fect, so  far  as  can  be  perceived,  in  animals  whose  blood  ia  destitute 
of  this  histological  element.  Indeed,  that  the  red  corpuscles  have 
any  direct  relation  to  the  formation  of  the  tissues,  ia  very  impro- 
bable; cJis- assimilation  and  the  consequent  development  of  vital 
force  being,  it  is  believed,  their  special  function, 

"We  have  no  certain  knowledge  of  the  length  of  time  the  blood- 
cells  exist.  Since  the  cells  of  the  same  blood  differ  in  the  length 
of  time  during  which  they  resist  chemical  agents,  it  is  probable  that 
the  more  easily  decomposed,  and  which  are  usually  of  a  deeper 
color,  are  the  older ;  while  the  paler  and  less  easily  acted  upon,  and 
which  present  in  their  granules  the  rudiments  of  a  nucleus,  are  of 
more  recent  origin.  That  their  regeneration  is  not  very  rapidly 
effected  is  probable,  from  the  fact  that  the  blood  is  poor  in  corpuscles 
for  several  days  after  a  moderate  venesection,  and  exhibits  a  great 
deficiency  of  them  for  a  prolonged  period  after  repeated  bleedings; 
and  since  there  is  a  copious  supply  of  colorless  corpuscles  after 
severe  losses  of  blood.  If,  however,  they  are  slowly  regenerated, 
they  cannot  have  a  very  shorts  existence,  since  otherwise  the  nom- 
ber  of  the  colored  cells  would  not  so  far  exceed  that  of  the  colorless 
corpuscles.  {Lekmann.) 

Whether  the  blood-cells  are  disintegrated  in  one  particular  part 
or  organ,  is  not  yet  satisfactorily  decided.  Schult  designated  the 
liver,  and  Kolliker  the  spleen,  as  the  organ  where  this  process  ia 
effected.  On  the  other  hand,  Gerlach  and  Schaffner  regard  the 
spleen  as  the  organ  in  which  the  corpuscles  are  formed.  Scherer'a 
investigations  confirm  the  idea  of  Kolliker.  If  there  be  a  particu- 
lar organ  in  which  the  corpuscles  are  formed,  and  another  in  which 
thej  are  disintegrated  and  dissolved — which  is  still  very  doubtful, 
however — we  should  mention  the  liver  as  the  former,  and  the  spleea 
as  the  latter  (p.  170).  ^M 

Qrtanlity  of  Bhod  in  the  Human  Body.  ^^B 

Very  different  estimates  of  the  whole  amount  of  blood  have  been 
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made,^  it  being  usually  stated  that  its  weight  constitutes  one-fifth  of 
that  of  the  whole  body.  Ed.  Weber  has,  however,  recently  insti- 
tuted some  experiments,  according  to  which  only  one-eighth  of  the 
weight  of  the  body  is  blood,  or  18  pounds  for  a  man  weighing  144 
pounds.  Lehmann  calculates  that  the  whole  amount  of  blood  in  a 
young  man  is  17J  to  19  pounds.  The  estimate  of  Weber  appears 
to  be  the  most  accurate  hitherto  made.  It  is  calculated  that  only 
one-third  of  the  whole  blood  can  be  lost  rapidly  without  fatal  con- 
sequences. But  much  more  than  this  may  be  ultimately  lost  by 
frequently  recurring  hemorrhages,  the  vessels  thus  having  time  to 
adapt  themselves  to  the  diminished  amount  of  their  contents,  so 
tliat  the  circulation  is  still  maintained. 

Varieties  in  the  Composition  of  the  Blood  in  different  Physiological 

Conditions. 

1.  Sexual  varieties.  The  blood  of  women  is  of  a  lighter  red  color 
than  that  of  men,  is  specifically  lighter,  contains  more  water,  and 
evolves  a  less  intense  odor  of  perspiration  when  treated  with  IJ 
times  its  volume  of  sulphuric  acid.  It  generally  contains  less  cor- 
puscles, but  the  same  amount  of  fibrine  {Lehmann) ;  and  some  more 
serum  in  proportion  to  the  clot.  It  usually  contains  more  albumen 
and  salts  (especially  the  soluble),  and  less  fat  and  extractive  matters. 

2.  In  pregnancy  the  blood  is  darker  than  usually,  is  richer  in 
water  and  poorer  in  corpuscles  and  albumen,  and  therefore  speci- 
fically lighter.  There  are  no  certain  data  respecting  the  fats  and 
salts ;  but  the  fibrine  is  relatively  increased  in  the  last  months,  and 
the  clot  is  generally  very  small,  with  a  superficial  stratum  of  fibrine 
frequently  resting  upon  it  (p.  158). 

8.  Varieties  depending  on  age.  The  blood  of  new-bom  infants 
abounds  in  solid  constituents,  especially  blood-corpuscles  and  iron, 
while  it  is  poor  in  fibrine  and  salts.  It  contains  about  the  same 
amount  of  fat  and  albumen  as  in  the  adult,  and  a  much  larger  pro- 
portion of  extractive  matters.  In  advanced  life,  and  in  the  female 
after  the  cessation  of  the  catamenia,  the  blood  is  poorer  in  corpuscles, 
and  the  serum  loses  in  some  of  its  constituents,  but  the  cholesterine 
increases. 

4.  During  digestion^  both  the  plasma  and  the  cells  become  richer 
in  solid  constituents ;  though  the  latter  experience  a  relative  loss 

*  Bltunenbaoh  estimatefl  it  at  8^  to  10  poondfl  ;  Reil  at  eyen  44  ponndfl. 
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in  hiBniatiiie.     The  fibrine  coagulates  more  slowly,  and  is  richer  in 
fat;  the  senim  is  dcuser,  aoDjetimes  even  exhibiting  a  inilkv"  tur- 
bidity from  an  abuudauce  of  fat-globules  (Fig. 
^8-  lOS-  103)  and  cy  toid  corpuscles.   The  fat,  albumen, 

'"•^^  ®  ^~«^  «  f£*  extractive  matters,  and  the  sails  of  the  seruin 
^,®  ;%*Tf*    "  •        are  also  pretty  uniformly  augmented. 

•  *®  e(fe°^a  *^  ^-  ■^■"ODg  •'I'e  tower  animrai,  the  Mood  of 
«*fis^ffli'^>^'(S  *^^  omnivora  (hog,  &c.)  is  the  most  abundant 
r°'^!a  "«'j^  ••»*     ^r'""?"*''^  (fod  therefore  in  soluble  phos- 

l  *  '  ® ■•- iJjS.     phates  of  iron);  birda  are  next  in  order;  then 

Fni-giuiraiM  in  blood.  the  oamivora  and  the  herbivora.  Oi'  filritie, 
the  blood  of  birds  contains  the  most;  then 
that  of  the  omnivora,  herbivora,  and  the  carnivora.  Of/a(,  the  blood 
of  birds  also  contains  most;  then  the  carnivora  and  the  lierbivora, 
The  blood  of  the  mammalia  contains  more  albumen  than  that  of 
birda.  The  solid  constituents  of  the  semra  also  preponderate  in  the 
omnivora.  lu  the  coldblooded  vertebrata  (fishes  and  amphibia),  tbe 
blood  is  poorer  in  corpuscles  and  richer  in  water  than  in  the  warm- 
blooded. 


Normal  Diff'erences  in  Composition  of  the  Blood  in  different  Vesteli. 

A.  In  arterial  blood  the  red  corpuscles  are  less  numerous  than  in 
venous  blood  {KolUker),  and  contain  more  water  and  less  solid  con- 
stituents; though  they  have  relatively  more  hiematine  and  salts, 
but  far  leas  fat.  Tbe  white  corpuscles  are  also  less  numerous.  {Kiil 
liker.)  The  intercellular  fluid  of  the  arteries  is  richer  in  fibrine 
than  that  of  venous  blood,  and  its  serum  contains  somewhat  more 
water  and  less  albumen'  and  fata;  while  their  extractive  DiatLers  are 
slightly  increased,  and  the  salts  still  more  so.  Arterial  blood  also 
contains  more  oxygen,  but  only  relatively  to  its  carbonic  acid  gas 
(p.  1(54).  It  absohitely  contains  more  of  both  these  gases  than 
venous  blood,  and  about  the  same  amount  of  nitrogen  (pp.44, 164). 

B.  The  blood  of  certain  veins  is  peculiar, 

1.  The  portal  vein.  During  digestion,  if  sufEcient  drink  has  beeo 
taken  with  the  food,  the  portal  blood  is  rich  in  intercellular  fluid 
and  in  water,  and  the  number  of  blood-cells  is  therefore  sriKiU.  The 
flbrine  is  slightly,  and  the  fat  considerably,  increased;  while  the 
albumen,  extractive  matters,  and  salts  are  moderately  so.  Compared 
with  the  blood  of  the  jugular  vein,  the  portal  blood  is  poor  in  oells 


<  In  the  HOlid  conetltuenta  slone  of  tbo  au 
fonnd  In  krterlkl  and  Teooiu  blood.    (XsAru 


u  eqnal  qaantity  of  ^tliumen  i> 
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and  in  aolids  generally.  The  cells  are  also  partly  floccnleitt,  easily 
distorted,  and  soon  become  jagged  after  their  removal  from  the 
body,  are  richer  in  hsematioe  and  poorer  in  globuline,  and  contain 
twice  as  much  fat.  The  intercellular  fluid  contains  a  less  quantity 
of  a  fatty  fibrine ;  while  the  serum  contains  leas  solid  constituents 
generally  (especially  albumen),  but  mure  fat  and  extractive  matters 
and  more  salts  than  any  other  vessel.  Biliary  substances  have  not 
been  found  in  portal  blood,  and  sugar  only  seldom  occurs. 

2.  The  blood  of  the  hepatic  vein  differs  much  from  that  of  any 
other  vessel.  Compared  with  the  portal  vein,  it  ia  poor  in  water ; 
IB  3  to  4  during  digestion,  and  as  5  to  12  after  it.  Its  clot  is  vola- 
tninoos,  and  easily  falls  to  pieces ;  and  it  contains  less  serum,  In  the 
proportion  of  15  to  34.  It  is  far  richer  in  both  cytoid  and  colored 
corpuscles,  the  former  presenting  every  variety  of  size  and  form, 
wid  the  latter  forming  heaps  of  a  purplish-red  color.  The  cell-walls 
of  the  latter  are  also  less  easily  destroyed  than  those  of  the  blood 
generally  (p.  163),  and  the  proportional  amount  of  moiat  bloixl-cells 
in  the  blood  of  the  hepatic  and  the  portal  veins  is  as  317  to  141. 
The  latter  are,  however,  poorer  in  fat  and  richer  in  salts,  and  espe- 
cially poor  in  hsematine,  or  at  least  in  iron  (two-thinls  as  much  as 
in  the  vena  portoe),  but  somewhat  richer  in  extractive  matters. 
Still,  they  have  a  greater  specific  gravity,  though  lighter  in  relation 
to  the  serum,  since  the  intercellular  fluid  is  far  more  dense,  and  con- 
tains much  more  of  the  solid  constituents  (as  11.8  to  S.4).  The 
Utter  is,  however,  either  wholly  deficient  in  fibriue,  or  only  con- 
tains R  scarcely  perceptible  trace  of  it ;  and  contains  loss  albumen' 
and  fat,  and  much  less  salts,  with  considerably  more  extractive 
matter,  including  sugar, 

8.  The  blood  of  the  aplenic  vein  has  been  analyzed  in  horses  by 
Mr,  Gray.'  Compared  with  that  of  the  jugular  vein,  it  containa 
more  water,  iron  and  fat,  and  more  albumen  and  fibrine.  There  is 
also  less  solid  residue  in  the  serum,  which  always  presents  a  dark- 
reddish  tinge,  and  the  corpuscles  are  very  much  diminished. 

0.  The  blood  of  the  placental  vessels  contains  but  little  albumen 


■  The  senim  of  the  blood  of  the  bepatio  Tsfn  oontsliu  bol  two-thlrdi  as  mnoh 
klbnmen  u  is  found  in  the  port&l  vein.  The  renuiiiiing  one-third  received  from 
Ihs  iktuI  vein  hu  probablj  been  MBtmllated  in  the  deTelopmaDt  or  the  blood- 
■  which  abound  in  the  blood  of  the  hepatic  Tein. 

^  On  lh«  Stniulare  &nd  Use  of  the  Bpleen.     London,  1864. 
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and  fibrine  {Stas),  but  a  large  amount  of  serum-caseine,    Stu  also 
found  urea  in  this  blood, 

D.  Zimmermantt  found  the  serum  of  the  blood  of  the  vetna  of  the 
lower  extremities  poorer  in  water  than  that  of  the  vpper  extremitiefl. 

K.  The  menstrual  fluid  is  to  be  regarded,  hiatologically,  merely  as 
a  hemorrhage'  periodically  recurring  from  the  interior  of  the  uterus, 
and  therefore  as  pure  hhod.  It  is,  however,  discharged  per  vaginam 
in  a  state  of  admixture  with  the  mucus  of  the  cervix  uteri  and  the 
vagina,  and  therefore  contains  epithelial  cells  and  cytoid  corpuscles. 
(Fig.  109.)  Jul.Vogel  states  that  menstrual  blood  contains  no  fibrine. 
On  the  other  hand,  E.  H.  Weber  found  coagulated  blood  on  the  mu- 
cous membrane  of  a  young  girl  who  had  committed  suicide  during 
the  catamenial  period.  The  fact  that  in  ordinary  circumstances  the 
menstrual  fluid  does  not  coagulate,  has  generally  been  attributed  to 
the  action  of  the  acid  mucus  of  the  vagina,  and  not  to  the  absence 
of  fibrine,  the  former  holding  the  latter  in  solution.  Certain  it  is, 
that  where  the  menstrual  flow  is  so  increased  as  to  constitute  a  pa- 
thological condition  (raenorrhagia),  there  is  no  deficiency  either 
fibrine  or  of  coagula. 


i 


PaOiohgical  States  of  the  Blood  in  certain  Diseases. 

1.  Inflammation.  The  changes  in  the  intercellular  fluid  in  inflam- 
mation are  these :  1,  In  all  inflammations  accompanied  by  a  febrile 
reaction  there  is  an  iiwrease  o/  flbririe  (hyperinosis),  it  ranging  from 
4.7  to  10..5  parts  in  1,000  of  ibe  blood.  The  highest  increase  occurs 
in  acute  rheumatism  and  pneumonitis.  It  may  be  considerable 
when  the  inflammation  is  not  extensive,  as  in  erysipelas;  but  in 
each  particular  disease  it  is  proportioned  to  the  degree  and  duratioD 
of  the  inflammation.  It  is  independent  of  the  strength  of  the  pa- 
tient, and  of  the  increase  or  decrease  of  the  other  solid  constituenle 
of  the  blood,  occurring  in  the  most  decided  anasmia  or  hydttemia, 
and  as  abundantly  in  meningitis  and  other  acute  cerebral  diseases  aa 
in  inflammation  of  other  parts.  2.  The  albumen  is  somewhat  dimi- 
nished in  inflammatory  blood.  The  serum  also  frequently  becomes 
turbid  from  the  presence  of  separated  albumen.  {StJierer.)  3,  There 
is  less  chloride  of  sodium  in  inflammatory  than  in  normal  blood,  but 
the  sulphate  of  soda  and  of  potassa  are  increased. 

The  red  corpuscles  are  diminished  in  violent  inflammation  (rheu- 
matism and  pneumonitis),  but  not  in  any  marked  degree  unless 
other  pathological  conditions  coexist  to  induce  a  simultaneous  dimi- 

'  Those  who  [aaintaia  that  this  fluid  is  an  «xtidatioD,  or  an  «ffagioD,  orerlook 
the  faot  that  the  blood-corpuacles  can  leare  the  Teaeela  onlj  after  a  mptare  of  theif 
!t  chapter,  on  "Effosions"  and  "  Esud»lionB," 
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I  of  the  whole  mass  of  blood-cells.  In  eotne  cases  sottroely 
any  diminulioo  is  observed.  Still,  the  carbonic  ociel  in  the  red  cor- 
poaclea  is  iucreased  in  inflamniatorj  blood,  as  are  also  tbe  eolorUaa 
eorpnaelet;  and  tbe  former  maaifest  an  increased  tendency  to  sink. 

The  diminution  of  the  solid  constituents  of  the  blood  is  usually 
proportioned  to  tbe  violence  of  the  iuflamniation  and  the  quantity 
of  exudation  thrown  oft  If  there  be  bnt  a  email  amount  of  the 
tetter,  they  may,  indeed,  be  rather  augmented  than  diminished. 

Finally,  in6 am matory  hXooAcoaguhita  slowly,  and  the  clot  usually 
presents  the  bufty  coat  (p.  9'd),  and  often  the  "cupped"  appearance 
also. 

2.  Ihvr.  Becquerel  and  Rodier  found  the  blootl  in  fever  to  be 
geoenUly  somewhat  richer  in  water  than  in  the  normal  state,  and 
the  phosphorized  fats  and  cholesterine  to  be  especially  increased; 
viiile  the  phosphates  are  also  considerably  so.  The  blood-corpuscles 
are  slightly  diminished  in  number.  Fibrine,  extractive  matters,  and 
soluble  salts  occur  in  the  normal  amount.  Id  simple  ephemeral  and 
remiUerU  fever,  however,  the  albumen,  sis  well  as  the  cholesterine,  was 
iocreascd.  In  slight  intermiitenl  fever  they  found  the  fibrine  usually 
diminiiihed,  while  Zimmermann  found  it  usually  normal.  In  mnrsh 
Jivan  tbe  fibrine,  albumen,  and  fats  are  dimtnisbed,  and  the  blood- 
oorpasclcs  are  increased. 

In  tyjihus  (also  including  typhoid)  the  blood  exhibits  no  changes 
warranting  us  in  regarding  it  as  a  dyscrasta.  From  the  fifth  to  the 
eighth  day  it  is  very  similar  to  that  of  plethora.  From  the  ninth  day 
it  undergoes  a  great  change,  being  specifically  lighter,  chiefly  from 
a  diminution  of  the  corpuscles ;  though  the  »olid  constituents  of  the 
serum  also  diminish  daily  through  the  disease,  with  a  rapidity  pro- 
portioned to  the  intestinal  ailection.  The  salts  and  extractive  mat- 
ten  are  relatively  increased,  rather  than  absolutely  diminished. 

8.  Cliolera.  In  this  disease  the  whole  hlood  is  especially  dense 
and  viscid.  The  fibrine  is  unchanged ;  the  serum  is  denser,  and 
poorer  in  water  and  salts.  Relatively,  however,  it  is  richer  in  salts, 
and  very  rich  in  albumen.  But  it  contains  more  potash  salts,  and 
phosphates  than  normal  serum,  with  some  urea,  and  an  extractive 
substance  which  rapidly  converts  urea  into  carbonate  of  ammonia. 

The  blood-corpuscles  are  augmented — from  513  to  559  in  1,000 
in  men,  and  from  400  to  464  in  women,  {lichrnidt.)  This  increase 
is,  however,  relative,  since  many  blood-cells  are  actually  destroyed. 
They  are  also  poorer  in  salts,  and  their  proportional  amount  of  water 
is  diminished  (2,14  to  1.77).  The  proportion  of  organic  to  inorganic 
ootutituents  is,  however,  increased — from  44.1  to  58.1.  The  specific 
giavitv  of  the  corpuscles  is  increased  in  men  to  1102.6. 

4.  DyKntery.  I  n  this  disease  the  corpuscles  are  fewer  and  lighter, 
their  Bpeoifio  gravity  being  but  10S5.5.  The  fibrine  '\a  usually  in- 
creasetl,  the  solids  of  the  serum  decreased,  especially  the  albumen, 
and  tbe  salts  considerably  increased. 
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5.  In  the  ar.ute  exanCfiemnta  there  is  a  diminution  of  the  blood- 
cella,  and  increase  of  the  intercellular  fluid.  The  serum  is  denser 
than  usual,  and  its  salts  more  augmented  than  the  organic  substances. 

6.  In  pue/^>era!  /ever  there  is  considerable  diminution  of  the  co- 
lored corpuscles;  the  fibrine  is  increased,  is  soft  and  gelatinous,  and 
almost  always  forms  a  crust.  In  most  cases  the  solid  constitnent? 
are  considerably  diminished,  though  sometimes  increased.  Bile- 
pigment  is  occasionally,  and  free  lactic  acid  not  unfreqnently,  met 
with ;  the  blood  sometimes  also  having  an  acid  reaction. 

7.  Brigkt's  disease.  The  blood-cells  and  the  constituents  of  the 
serum  are  diminished.  The  specific  gravity  of  the  former  is  often 
reduced  to  1084.5.  Cholesterine  and  the  salts  of  the  serum  are, 
however,  increased.  On  an  average,  there  is  more  fibrine  than  m 
normal  blood. 

8.  In  phlkora  the  blood-cells  are  rather  more  numerous,  and  the 
albumen  is  somewhat  increased.  In  other  respects  the  blood  b 
nearly  or  quite  normal. 

9.  Hijiircemic  blood  is  very  much  attenuated,  pale,  watery,  and 
forms  a  loose,  infiltrated,  gelatinous  clot. 

10.  AruETtiia.  The  character  of  the  blood  depends  much  on  the 
cause  of  the  anisraia.  In  respect  to  the  diminution  of  the  blood- 
cells,  it  corresponds  with  the  blood  of  hydrismia  and  chlorosis. 

11.  In  chlorosis  the  blood  forms  a  solid  clot,  covered  with  a  bufl^- 
ooat,  and  floating  in  a  large  quantity  of  serum.  The  corpuscles  and 
iron  are  both  diminished,  in  a  small  or  an  excessive  degree,  without 
any  relation  to  the  intensity  of  the  disease.  The  fibrine  is  nearly 
normal ;  the  albumen  is  increased  only  relatively  to  the  cells. 

12.  In  teuccemia  the  blood  ia  pale  red,  often  marked  with  whitish 
streaks,  is  rich  in  colorless  blood-corpuscles  {even  one  of  these  to 
three  colored  cells),  and  has  an  alkaline  reaction,  though  the  fluid 
filtered  firom  the  clot  is  acid.  It  contains  true  glutin,  a  body  which 
ranks  between  glutin  and  albumen,  hypoxanthine,  and,  flnalty, 
formic,  acetic,  and  lactic  acid  a. 

IS.  In  pycemia  the  fibrine  is  diminished,  and  the  colorless  blood- 
cells  augmented.     This  state  is  difEcult  to  distinguish  &om  leu- 

14.  In  carcinoma  there  is  an  increase  of  fibrine.  The  blood-cells 
are  slightly  diminished. 

15.  In  diabetes  there  is  simply  an  increase  of  sugar  in  the  blood. 

16.  Elherizalion.  The  immediate  eflect  of  the  inhalation  of  ether 
seems  to  be  to  make  the  blood  richer  in  water  and  fat,  and  poorer 
in  blood-ct 


Finally,  in  regard  to  variations  in  the  amount  of  particular  ele- 
ments of  the  blood  in  different  diseases,  the  following  may  be  re- 
garded as  established: — 

1,  The  fibrine  is  iiwreased  (hyperinosis)  in  all  inflammations  and 
in  carcinoma.     An  increase  also  occurs  during  the  last  months  oi 
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prqp:iano7.  It  is  diminished  (hypinosis)  slightly  in  iDtermittent  and 
marsh  fevers,  and  in  pysemia. 

2.  The  albumen  of  the  blood  is  increcLsed  in  plethora,  in  intermit- 
tent fevers,  after  drastic  purgatives,  and  in  cholera.  It  is  diminished 
in  simple  ephemeral  fevers  (slightly),  in  severe  inflammations,  in  the 
later  stages  of  typhus,  in  scurvy,  malaria,  puerperal  fever,  dysentery, 
Bright's  disease,  and  dropsy  from  organic  afifections. 

8.  The  extractive  matters  are  increased  in  puerperal  fever  and 
scurvy. 

4.  The  salts  of  the  serum  (and  especially  the  chloride  of  sodium) 
are  increased  in  all  cases  in  which  the  albumen  is  diminished  {Schmidt) ; 
hence  in  dysentery,  acute  exanthemata,  Bright's  disease,  typhus,  and 
especially  in  dropsy.  They  are  diminished  in  inflammation,  and  still 
more  so  in  cholera. 

5.  The  colorless  corpuscles  are  increased  in  inflammation,  leucaa- 
mia,  and  pyaemia,  ana  after  repeated  losses  of  blood. 

6.  The  colored  corpuscles  are  increased  in  plethora,  in  cholera,  in 
the  first  stages  of  heart-disease  and  the  first  eight  or  ten  days  of 
typhus,  and  in  marsh  fever.  They  are  diminished  in  violent  in- 
flammations, in  dysentery,  anaemia,  the  last  stages  of  typhus,  in 
hydnemia,  chlorosis,  puerperal  fever,  acute  exanthemata,  Bright's 
disease,  carcinoma,  and  scurvy.  Their  specific  gravity  is  increased 
in  cholera  (to  1102.6),  and  diminished  in  albuminuria  (to  1084.5) 
and  dropsy  (to  1081.19). 

The  number  of  the  red  corpuscles  is  also  diminished  by  prolonged 
fasting^  and  extreme  losses  of  blood  or  of  other  fluids;  while  the 

Elasma  becomes  poorer  in  albumen  and  other  organic  constituents, 
at  richer  in  salts;  the  whole  blood  becoming  much  the  same  as  in 
aoflBmia.  Similar  results  are,  moreover,  produced  by  substances 
interfering  with  digestion,  or  the  formation  of  blood,  especially  the 
preparations  of  lead,  acids,  &c. 


CHAPTER   II. 

SEROUS  SECRETIONS,  TRANSUDATIONS,  AND  EXUDATIONS. 

Secretion  implies  a  separation  of  certain  elements  from  the 
blood  by  the  direct  action  of  cells.  It  is,  therefore,  a  vital  action, 
and  not  dependent  on  mere  physical  agencies.  In  the  case  of  se^ 
creting  membranes,  the  secreting  cells  always  constitute  an  epithe* 
liom  upon  its  free  surface.     By  the  bursting  of  the  secreting  cells. 
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tbe  contained  fluid  is  set  free,  and  is  then  recognized  as  the  proper 
secretion  of  the  surface  on  which  it  is  found. 

Transudation,  ou  the  other  hand,  is  merely  a  physical  phenome- 
non, dependent  upon  the  permeability  of  membranes,  by  certain 
elements  of  the  blood  contained  in  their  vessels;  and  must  not  be 
confounded  with  the  vital  process  before  defined.  The  word  eflFn- 
aion  is  sometimes  used  to  express  the  same  phenoinenon.  ^^M 

Exudation  is  also  a  vital  process,  as  will  appear.  ^^H 

I.  The  Serods  Secretions. 
Lebmann  has  included  all  the  serous  secretions  under  the  head 
of  transudations.  This  is,  kowever,  incorrect,  since  it  has  been 
proved  that  the  normal  serous  secretions  are  separated  from  the 
blood  by  the  epilhelia,l  cells  of  the  serous  membranes.  The  serous 
surfaces  are,  however,  very  liable  to  transudations  also;  and  in  all 
cases  where  an  excessive  amount  of  fluid  is  accumulated  in  a  serous 
cavity,  a  transudation  (or  an  exudation,  which  consists  of  the  blood- 
plasma  very  nearly),  directly  from  the  blood,  has  occurred,  and  be- 
come mixed  with  the  proper  secretion ;  e.  g.  in  ascites  from  pressure 
of  abdominal  tumors,  the  accumulation  is  almost  exclusively  from 
transudation,  and  very  slightly  from  the  natural  secretion. 

The  proper  serous  secretions  are,  therefore,  tbe  fluids  normally 
found  upon  the  various  serous  membranes,  viz.,  on  the  pleura,  peri- 
toneum, pericardium,  the  cerebral  layer  of  the  arachnoid,  and  the 
membrane  lining  the  ventricles  of  the  brain.  To  these  may  also 
be  added  tbe  aqueous  humor  of  the  eye,  tbe  liquor  Cotunnii,  and 
the  endolymph  of  tbe  internal  ear.  The  liquor  amnii  is  a  serous 
secretion ;  but,  apparently,  to  a  stil!  greater  extent,  also  a  transuda- 
tion. The  synovial  are  incorrectly  termed  serous  membranes,  and 
their  secretion  is  intermediate  between  the  serous  and  the  mucous 
secretions. 

None  of  the  serous  secretions  contain  histological  elements,  ex- 
cepting fragments  of  the  epithelial  cells  (or  still  perfect  ones)  which 
secreted  them,  Molecular  granules  or  cytoid  corpuscles  are  merely 
accidental  constituents,  when  present. 

In  fact,  the  serous  are  tbe  simplest  of  all  secretions.  They  ap- 
proximate more  or  less  nearly  to  the  serum  of  the  blood;  while 
other  secretions  contain  elements  peculiar  to  themselves,  which  they 
have  formed  from  tbe  blood-plasma.  It  is,  indeed,  for  this  reason 
that  physicists  would  regard  thera  as  mere  transudations.     Still, 
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Ouf  art  not  identical  in  compositioa  on  all  the  serous  membranes, 
bat  vary  to  suit  the  requirements  of  each;  e.g.  the  fluid  of  the 
ventricles  of  the  brain  contains  tbe  least  albumen  of  all  (0.5  per 
c«it.),  that  of  tbe  peritoneum  1  per  cent.,  and  that  of  the  pleura  the 
most  of  all  (IJj  per  cent.).  Albumen  is  entirely  wauting  in  the 
aqueous  humor,  and  in  the  lii^uor  amnii  during  the  last  months  of 
pr^iiancy.  {Lefnwtfm.)  But  to  the  physiologist  the  idea  that  this 
adaplalioD  of  the  Quid  to  the  requirements  of  the  surface  is  dele- 
gat4»I  to  a  mere  physical  force,  is,  d  priori,  in  the  highest  degree 
improbable,  were  there  no  facts  to  disprove  it. 

It  is  impossible  to  ascertain  the  normal  quantity  of  the  aeroue 
secretions,  their  amount  is  so  small.  Much  of  the  flaid  found  after 
death  in  tbe  serous  cavities  is  a  mere  transudation,  doubtless,  occur- 
ring during  the  last  moments  of  life. 

Oriyin. — From  the  epithelial  cells  of  the  aerous  membranes,  as 
already  described. 

Viu. — The  aerous  secretions  are  merely  for  the  prevention  of 
friction  of  the  opposed  surfaces  of  the  serous  membranes.  In  the 
eye  and  the  ear  they  evidently  couduce  to  the  perfection  of  the 
senses  of  sight  and  hearing. 

II.  Tbansddatiors. 

It  has  been  already  stated  that  mere  transudations  are  very  liable 
to  occur  on  serous  surfaces,  and  thes«  also  are  very  similar  in  com- 
poeition  u>  btood-serum.  Indeed,  the  true  serous  secretions  being 
normally  in  so  small  amount  that  enough  for  analysis  can  hardly 
be  obtained,  the  analyses  of  serous  secretions  (so  called)  are  usually 
those  of  transudations,  mixed  with  a  very  small  amount  of  the 
former.  In  all  cases  when  the  secretion  is  abundant  we  may  as- 
Bome  that  the  major  part  is  a  transudation  merely.  And,  except  in 
a  few  instances,  transudations  are  to  be  regarded  as  pathological, 
while  tbe  serous  secretion  is  physiological. 

Tbe  transudations  which  may  be  regarded  as  physiological  are 
the  aorouB  fluid  in  the  areolte  of  areolar  tissue,  the  halitus  from  the 
lunga,  and  a  certain  amount  of  fluid  also  given  out  on  the  skin,  in- 
dependently of  the  true  jierapiratioQ. 

Tbe  pathological  transudations  include  all  oases  of  simple  cedema, 
and  of  dropsy  (ascites,  anasarca,  hydrothorax,  hydrocephalus,  hy- 
dfooelfl,  hydrops  articuli,  ovarian  dropsy,  &«.).    Colliquative  s' 
diarrhceaa,  and  the  discharges  in  cholera  must  be  ako  referred 
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this  bead ;  and  the  hydragogue  effects  (so  calle^i)  of  c«rtaia  cathar- 
tics,' 

Transudation  results,  as  a  physical  necessity,  whenever  bloodvessels 
are  exposed  very  near  to  a  surface  in  contact  with  the  air,  aa  is  the 
case  with  the  air-passages  and  the  skin.  But  the  state  of  fulness  of 
the  yeasels,  and  the  rapidity  of  the  circulation  through  them,  as 
well  as  the  physical  and  chemical  character  of  the  blood  itself,  also 
exert  a  controlling  influence  on  the  amount  of  fluid  transuded.  The 
fuller  the  vessels,  and  the  slower  the  motion  of  the  blood-current, 
the  greater  is  its  amount.  Eence  congestion  of  the  vessels  of  a 
part  is  a  common  cause  of  transudations ;  e.  g.  diarrhcea  from  portal 
congestion.  And  since  congestion  ia  often  produced  by  pressure 
)U3  trunks,  the  latter  is  commonly  accompanied  by  cedema, 
I,  or  ascites ;  as,  in  case  of  the  last,  from  abdominal  tumors, 
ovarian  or  otherwise.  That  the  accumulation  in  such  cases  ia  not 
secretion  merely,  is  evidenced  by  the  fact  that  it  amounts  in  some 
instances  to  2  or  even  3  pounds  per  day. 

Transudations,  like  serous  secretions,  very  nearly  resemble  the 
blood-serum  in  chemical  composition,  and,  like  them,  they  also  nor- 
mally contain  no  fibrine.  But  since  animal  membranes  are  more 
easily  penetrated  by  water- than  by  the  other  constituents  of  the 
blood-serum,  next  by  the  extractive  matter  and  soluble  salts,  and 
then  by  albumen,  it  follows  that  transudations  will  contain  more 
water  proportionally  to  the  solids  than  blood-serum  does,  and  more 
salts  in  proportion  to  their  albumen. 

The  quantity  of  albumen  in  transudations  varies  exceedingly, 
Lehmanu  states  that  it  mainly  depends  on  the  following  circum- 


1.  Certain  systems  of  capillaries  transude  more  than  others;  e.g. 
those  of  the  pleura  most  of  all,  and  those  of  the  ventricles  of  the 
brain  least  of  all, 

2.  The  slower  the  blood-current  in  the  capillaries,  the  richer  in 
albumen  is  the  transudation ;  e.  g.  more  albumen  is  found  in  peri- 
toneal transudations  (ascites)  when  dependent  on  pressure  from 
large  tumors  than  when  caused  by  less  disturbance  of  the  circula- 
tion, as  by  cirrhosis  of  the  liver. 

S.  The  poorer  the  blood  b  in  albumen,  the  less  appears  in  transu- 
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datiooa.  Hence  they  coatain  little  albumen  in  Brigbt's  disease  of 
the  kidney. 

The  tatts  in  the  tranaudationa  are  most  abundant  when  the  blood 
u  richer  in  water;  though  they  are  always  less,  proportionally,  than 
in  the  blood-serum,  except  in  eome  canes  of  Bright's  disease.  The 
chlorine  and  potassium  compounds  predominate  over  the  other  solu- 
ble salts,  in  the  transudations  as  well  as  in  the  blood-serum.  In  cho- 
len,  or  after  the  administration  of  drastic  purgatives,  the  quantity 
of  salts  is  five  or  even  seven  times  as  great  as  that  of  the  albumen; 
tbese  transodations  being,  at  the  same  time,  richer  in  water  than 
lUty  other  fluid  in  the  organism.  * 

f^tritie  IB  said  by  Lehmann  to  be  present  in  some  morbid  transu- 
dations, and  which  are  termed  fibrinous  transudations  by  Jul.  Vogel. 
We  should,  however,  term  a  fluid  containing  fibrine  ia  the  circum- 
stances supposed,  an  exudation,  and  not  a  mere  transudation.  If 
blood-corpuscles  appear  in  a  transudation,  laceration  of  the  minute 
vessels  must  also  have  occurred. 

Bat  little  of  the  neutral  and  saponi6able  fata  is  found  in  the 
tnoBudations.  The  aon-saponifiable  fats  (cholesterine  and  seroline) 
are  far  more  abundant.  The  former,  especially,  ia  often  very  abun- 
dant in  the  fluid  of  ovarian  dropsy  and  of  hydrocele.  It  o^eD 
abounds,  also,  in  those  from  the  ventricles  of  the  brain,  and  from 
the  peritoneum  and  pleura. 

Bile-pigment  and  urea  are  also  found  in  transudations;  and  sugar, 
in  cases  of  diabetes. 

The  ijuarUily  of  the  transuded  fluids  varies  greatly  in  pathological 
oonditiona,  between  the  least  perceptible  increase  of  the  normal 
transudation  or  secretion  and  the  highest  extremes.  In  a  case  re- 
ported by  the  author,  103  pounds  of  transuded  fluid  were  removed 
'  from  the  peritoneal  cavity ;  the  patient  (a  female)  being  63  inches 
in  circumference,' 

Uaee. — The  normal  transudation  in  the  areolar  tissue  gives  it  its 
required  fulness  and  suppleness;  while  the  halitus  of  the  lungs  and 
the  transudatiuQ  of  the  akin  aid  incidentally  in  preserving  a  moist 
condition  of  the  pulmonary  mucous  membrane  and  the  external 
iotegumeot.     The  rest  are  merely  pathological  phenomena. 
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III.    ESODATIONS. 

Exudation  has  been  very  often  confounded — and  especially  by 
chemista — witb  mere  trauaudatioo ;  from  wbicb,  however,  it  is 
widely  different,  both  histologically  and  physiologically.  Leh- 
raaoTi,  however,  admits  tbat  while  transudation  ia  the  result  of  mere 
physical  agencies,  as  ho^  been  explained  (p.  182),  exudation  is  due 
to  vital  power.  But  he  limits  exudations  to  inflammation  as  their 
producing  cause,  and  admits  that  their  orgimi^abilily  distinguidhes 
them  from  mere  transudations. 

We  dnnot  restrict  the  idea  of  exudation  to  the  inflammatory 
procesa  alone,  however.  We  equally  find  organizable  elements 
separated  from  the  blood  in  cases  where  there  is  no  indatnmation; 
and  we  cannot  apply  to  such  cases  the  term  transudation,  any  more 
than  we  can  in  case  of  inflammatory  exudations.  Any  organixable 
fluid  aponlaneoiLaly  separated  from  the  bloodvessels,  witliout  rupture  o/" 
their  walls,  ia  an  exudation,  whether  it  be  in  the  case  of  repair  (in 
wounds,  kc)  without  inflammation,  or  in  casea  of  actual  inflam- 
mation. 

Exudations  differ  from  transudations— ^rsf,  in  regard  to  the  cir- 
cumstances in  which  they  are  formed;  and,  sKondly,  in  respect  to 
their  constituents. 

1.  Transudations  are  the  result  of  physical  agencies  merely,  and 
occur  upon  the  natural  free  surfaces  more  especially,  and  while  their 
epithelium  is  still  in  a  normal  state,  and  io  the  areolie  of  the  areolar 
tissue  {p.  181) ;  escaping,  also,  as  Wedl  suggests,  through  the  walls 
of  the  veins.  Exudations  occur  in  consequence  of  some  modiiied 
action  of  the  vital  force,  and  directly  from  the  capillaries;  and  if 
upon  natural  free  surfaces,  in  consequence  usually  of  inflammation 
or  irritation  of  the  same.  They  also  elevate  and  detach  the  epi- 
thelium, as  is  seen  in  case  of  vesicular  diseases  of  the  akin.  But 
exudations  also  occur — and  not  transudations — upon  free  surfaces 
artificially  produced;  as  in  case  of  wounds,  with  or  without  loss  of 
substance.  In  all  cases,  indeed,  in  which  repair  takes  place,  or  in 
which  new  formations  (false  membranes,  indurations,  A;c.)  are  pro- 
duced, exudations  occur;  and  it  is  by  their  organization  that  the 
repair  or  the  formation  of  tho  new  tissue  ia  secured.  Moreover,  in 
normal  nutrition  an  exudation  of  the  plastic  elements  of  the  blood 
occurs  in  the  substance  of  the  tissues,  and  from  which  the  latter  are 
nourished.  But  this  topic  is  included  under  the  subject  of  nutrition ; 


BXCDATION3.  1B6 

though  ihe  &ct  shows  that  aloila  of  ihe  blood  is  Qot  necessary  to 
exudation,  as  some  have  maiutaini;d. 

2.  It  I'ollowa,  therefore,  that  exudations  differ  from  transudations 
in  their  coustituenta,  since  the  latter  ure  not  organizable,  and  there- 
fore cannot  become  the  moilium  of  the  reparative  process,  nor  be 
oonvurled  into  adventitious  growths  in  cases  of  inflammation.  In 
exudations  a  considerable  amount  of  fibrine  is  almost  always  pre- 
■eDt;'  an  element  always  wanting,  we  believe,  in  mere  transudations 
(^  183).  There  is  also  far  more  albumen  in  axudations,  and  the 
pboaphates  and  potassium  compounds  are  more  abundant.  Blood- 
oorpuscles,  more  or  less  altered,  are  also  often  found  in  fresh  exuda- 
tioos;  but  they  are  not  au  essential  constituent,  and  depend  upon  a 
rupture  of  the  minute  vessels  of  the  part.  Sometimes,  also,  the 
exuded  fluid,  in  case  of  inflammation,  is  stained  by  the  hiematine 
which  has  been  dissolved  out  of  the  blood-corpuscles  stagnant  in 
the  inflamed  part.  Exudations,  indeed,  approximate  more  nearly 
to  the  blood-plasma,  and  transudations  to  the  blood-serum  merely. 
But  the  latter  are  never  precisely  identical  with  the  serum ;  and 
exudations  abound  far  more  in  water  and  in  the  phosphates  than 
does  the  liquor  sanguinis,  while  they  contain  leas  fibrino. 

Thus  it  appears  that  no  histological  elements  exist  in  pure  exu- 
dations when  first  separated  from  the  blood,  though  the  former  are 
soon  developed  in  them,  unless  the  exudation  is  promptly  reab- 
sorbed, us  will  appear. 

On'yin. — Exudations  are  poured  directly  from  the  bloodvosaola 
of  the  pan ;  and  as  they  normally  contain  no  blood-corpuscles,  no 
rupture  of  the  vessels  is  required  for  their  effusion,  any  more  than 
ID  Uie  case  of  transudations.  The  exudatiou  in  an  incised  wound 
is  entirely  Free  from  blood -corpuscles,  and  occurs  after  all  hemor- 
rhage oeases.  Exudation  is  not,  therefore,  a  modification  of  secre- 
tion, DO  cell  (epithelial  or  otherwise)  nor  other  special  atructore 
being  required  for  their  productiou.  In  inflammatory  exudations, 
blood-corpuscles  are  frequently  also  found,  since  rupture  of  the  ves- 
sels, and  consequent  hemorrhage,  is  a  very  common  concomitant  of 
iDflAmmAtion.  It  is  In  accordance  w^ith  a  vital  law  of  the  organism 
tiiat  uAere  new  material  for  repair  is  required,  or  wherever  an  iiijlam- 
mation  occurs,  an  emulation  is  poured  out  from  the  vessels  of  the  part. 


■  ri^hr'*'"i  Btata,  howerer,  that  plattie  exDilBtiom  BOmolimes  c 
llbrfu*  (Tol.  ii.  p.  2tH)).    Mon-pluUc  exudationa  tUso  oontain  it. 


186  THB   FLUIDS. 

Uses. — The  use  of  the  normal  exudations  is  explained  in  the 
preceding  sentence,  since  they  alone  afford  the  materials  for  the 
reparative  process.  Inflammatory  exudations  are,  however,  to  be 
regarded  as  pathological,  and  are  almost  always  productive  of  only 
mischief. 

Varieties  of  ExiulaHons. 

Exudations  differ  much  in  different  circumstances,  in  respect  to 
the  properties  of  their  chemical  constituents;  but  the  only  varie- 
ties necessary  to  be  mentioned  here  are  the  euplasUc,  or  highly 
organizable,  and  the  cacoplnstk,  or  imperfectly  organizable.  In- 
fiammatory  exudations  are  always  cacoplastic;  and  non-inflamma- 
tory exudations  are  bo  also  in  unfavorable  ciroumstances,  especially 
when  the  blood  is  impoverished.  In  favorable  circumstances,  and 
in  which  exudations  are  required — as  in  incised  wounds — the  latter 
are  eupkatic.   Plastic  exudations  contain  more  fat  than  those  not  bo. 

Mr.  Paget's  division  into  \h.e  fibrinous  and  the  corjiuscular  exuda- 
tions has  reference  to  the  forms  of  organization  occurring  in  them, 
and  whicih  may  or  may  not  be  due  to  original  diflerences  in  their 
constituents,  aa  will  appear  under  the  next  head.  All  pure  exuda- 
tions at  first  manifest  the  transparency  and  other  physical  properties 
of  the  liquor  sanguinis,  as  has  been  already  stated.  The  physio- 
logical and  histological  diflerences  between  the  inflammatory  and 
non -inflammatory  exudations,  as  shown  by  their  subsequent  0^ 
ganization,  will  next  be  explained. 

Changes  occurring  in  Exudations. 

Exudations,  whether  inflanimatory  or  not,  generally  become  co- 
agulated soon  after  their  separation  from  the  vessels,  and  then 
promptly  present  the  fibriUated  appearance  already  described.  (Fig, 
49.)  They  may  subsequently  be  (1)  reabsorbed,  or  (2)  may  be  or- 
ganized into  a  new  tissue;  or  (3)  may  be  converted  into  pua. 

1.  Absorption  of  an  exudation  may  occur  either  before  or  after 
coagulation.  In  almost  all  cases  it  is  desirable  that  inflammatory 
exudations  be  reabsorbed  as  soon  as  possible,  since  only  swelling  of 
the  part  and  other  miscbiefe  result  from  iheir  presence.  The  ex- 
ceptions to  this  proposition  are  very  few,  and  will  be  insisted  upon 
by  those  only  who  still  maintain  the  doctrine — never  sustained  by 
proof  of  any  kind — that  inflammation  and  the  reparative  proceas 
are  identical,     E,  g.  it  is  never  desirable  that  the  plasma  exuded  in 
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dw  OkTify  of  the  pleura,  or  the  pericardium,  or  in  the  substance  of 
ttaluagRiOr  in  plenritia,  peritoniti»,  or  pneumonitia,  should  remaia; 
tha  sooner  it  is  reabsorbed,  the  better.  In  case  of  noninflammatory 
ezodatioQs,  however,  it  is  usually  desirable  that  they  remain  and 
become  organized  into  new  tissue,  since  they  alone  afford  the  ma- 
terials for  repair.  We  should  receive  the  idea  of  J.  Voge!,  that  a 
coagulated  exudation  is  dissolved,  before  reabsorption,  by  aoother 
exudation,  called  tho  "solvent,"  with  doubt. 

2.  Either  inflammatory  or  non-inflammatory  exudations  may  be- 
come organized;  the  latter  into  tissues  more  nearly  resembling  the 
Dornial,  since  they,  when  norma!  in  composition,  are  euplastic.  In 
caseof  the  inflammatory  exudations  (which  have  been  most  studied), 
coagulation  of  the  fibrine  is  always  the  first  step  towards  organiza- 
tion, the  fibrillation  becoming  more  distinct  than  it  is  in  the  normal 
OOttgulation  of  healthy  blood ;  and  exudatiou-cells  and  glomeruli 
(Kg,  &&)  being  subsequently  developed  among  them,  if  permanent 
new  tisaaes  are  to  be  formed.  Thus  indurations,  false  membranes, 
ic,  are  produced  as  sequehn  of  inflammations.  On  the  other  hand,  ' 
eaplaatic  (non-inflammatory)  exudations  are  organized  into  tissues 
Eoore  Dearly  resembling  the  original,  as  in  the  healing  of  wounds 
by  ai3heflion  or  "first  intention."  This  form  of  organization  is, 
therefore,  to  be  regarded  as  an  ascending  metamorphosis  of  the 
exudation.  It,  however,  when  occurring  on  mucous  membranes, 
proceeds  no  further  than  fibrillation,  and  to  the  subsequent  develop- 
ment of  cells,  perhaps.  The  fake  membrane  (so  called)  in  croup 
never  becomes  vascular;  and  therefore,  since  it  has  no  constant 
supply  of  nourishment  from  the  blood,  is  always  spontaneously 
detached  if  the  patient's  life  is  prolonged.  But  in  case  of  inflam- 
mation on  serous  membranes,  well -organized  false  membranes  are 
frequently  found,  as  will  appear.    (Ch,  XI.  Sect.  IV.) 

8.  Both  kinds  of  exudations  are  liable  to  become  converted  into 
corpuscles,  instead  of  fibres,  and  then  into  pus.  Especially  is  this 
the  case  if  they  are  exposed  to  the  action  of  the  atmosphere.  In 
this  case,  exudation-  or  pus-corpusclea  are  usually  developed  in  the 
exadatioD,  without  any  previous  coagulation;  and  hence  Paget 
terms  it  the  corpuscular,  and  Rokitansky  tho  croupous  exudation. 
It  oaually  contains  more  fat,  and  the  fluid  part  is  mostly  absorbed 
after  the  corpuscles  are  formed.  The  formation  of  pus  in  an  exu- 
dation is  sometimes  said  to  be  characteristic  of  the  "suppurative 
inilammatioQ."     It  is,  in  fact,  mere  suj^uration — i,  e.  the  production 
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of  pus — and  not  inflammation  itself,  nor  necessarily  dependent  on 
inflammation  in  any  sense.  The  corpuscles  first  formed  are  some- 
times called  "  exudation- corpuscles,"  as  if  peculiar  to  exudationi 
They  are,  however,  merely  the  cytoid  corpuscles  already  described 
(p.  146),  and  are  developed  in  accordance  with  a  law  stated  on 
page  146,  That  they  are  also  here  histologically  (though  oot  phy- 
siologically) identical  with  pus-corpuscles,  will  be  shown  under  the 
characteristics  of  pus. 

Whether  an  inflammatory  exudation  is  to  become  organized  into 
fibres  and  tissues,  or  into  corpuscles  (pus)  merely,  depends  mainly 
upon  three  circumstances  {Pagef): — 

1.  The  condition  of  the  blood,  and  therefore  the  composition  of  the 
exudation  itself.  Hence  empyema  is  more  common  as  a  result  of 
pleuritis  in  scrofulous  and  other  debilitated  subjects,  and  adheaione 
in  the  more  robust,  (p.  94.) 

2.  The  seat  of  the  injlammalion.  If  this  be  on  serous  membranes 
(as  the  pleura),  fibrillation  and  false  membrane  are  common ;  if  the 
tissue  of  the  lung  itself  is  attacked  (pneumonitis),  the  exudation  first 
coagulates  (forming  the  red  hepatization,  as  it  is  improperly  called), 
and  is  then  converted  into  pus,  which,  by  an  equal  misnomer,  is 
termed  the  "gray  hepatization."  In  true  croup,  the  exudation  fiiat 
fibrillates,  and  subsequently,  if  snfScient  time  is  given,  is  developed 
into  pus,  the  fibres  being  previously  dissolved.  Hence,  in  an  abscess 
containing  pus,  fibres  are  also  frequently  found  intermixed,  espe- 
cially in  the  portions  of  pus  first  formed. 

3.  The  intensity  of  tlie  inflammatory  process  affects  the  organization 
of  the  exudation  by  modifying  its  plasticity.  The  more  intense  the 
former,  the  more  liable  is  the  latter  to  be  developed  into  pus. 

While  the  organization  of  exudations  into  tissues  is  an  ascending 
metamorphosis  of  the  former,  their  conversion  into  pus  must  be  re- 
garded as  an  abortive  attempt  at  the  same.  The  pus-corpuscle  m, 
histologically,  identical  with  the  exudation -corpuscle,  and  not  a  de- 
generation of  the  latter,  as  has  been  asserted.  It  is  merely  an  arrat 
of  development  of  the  exudation-corpuscle.  Exudation -corpuscles  nor- 
mally form  cell-walls  around  thera,  and  then  develop  the  higher 
tissues ;  and  hence  the  exudation  (cytoid)  corpuscles  become,  in  (act, 
the  nuclei  of  exudation-celh,  of  which  less  notice  has  been  taken. 
Hence  Gluge  regards  pus-corpuscles  as  nwofe;',  "  because  in  granu- 
lations and  the  formation  of  cicatrices  it  is  readily  and  directly 
conclusive  that  cells  form  upon  pus-corpuscles;  for  the  nuclei  of 
young  cicatrix-cells,  in  appearance  and  chemical  relations,  are  per- 
fectly identical  with  the  latter.'"  We  would  say,  exudation-celli 
form  upon  exudation-corpuscles,  the  latter  being  the  nuclei  of  the 
former;  while  the  pus-corpuscles  are  merely  the  exudation-cor- 
puscles, arrested  in  their  development,  and  destined  not  to  rise  to 


'  Pathological  Histology,  p,  45. 
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any  Wgber  organization.    Pus  is  totally  aplastic,  and  ita  corpuscles 
9  a  very  low  vitality. 


Origin  ami  Chararterislia  of  Pus, 

Thus  pns  is  not  a  secretion,  but  is  a  changed  exudation;  the  cbange 
being  clue  to  various  causes,  among  which  the  action  of  the  atmo- 
^bere  is  one  of  the  most  prominent.  In  granulating  wounds,  there- 
fore, we  find  a  pure  exudation  coQstantly  appearing  on  the  surface 
of  the  living  tissues,  with  exudation- corpuscles  and  cells  forming  in 
it;  whil«  the  external  portion  of  the  exudation  has  become  true  pua 
All  the  interveniag  grades  of  development  between  these  two  ex- 
tremes will,  of  course,  present  themselves.  Flakes  or  fibrillK  of 
coagulated  fibrine  will  also  be  often  found  mixed  with  the  pus  first 
formed  in  an  abscess;  these  having  been  formed  by  simple  fibril- 
lation aa  the  initiatory  step,  and  before  the  pus-corpuscles  are 
developed.  It  is  also  certain  that  pus  may  be  formed  from  a  solid 
ma^  of  fibrine  after  its  coagulation.  ( Vogel?) 

Thus,  also,  it  appears  that  pns  is  formed  £rom  an  exudation  by  a 
"retrogressive  metamorphosis."  [Wtdl^ 

ClMTOclers  of  Ptu. 

Pas,  when  perfectly  formed — genuine  pus — is  a  yellowish,  creamy, 
thick  fluid,  of  a  specific  gravity  of  1030  to  1033  {Oluge),  and  a  feeble 
alkaline  reaction.  Exposed  to  the  air,  however,  it  soon  undergoes 
tniQsformations ;  passing  into  the  acid  fermentation,  or  the  alkaline, 
or  into  putrefaction.  In  cases  of  phthisis,  pus  is  sometimes  acid 
when  expectorated. 

The  whole  amount  of  solid  constituents  in  pus  is  140  to  160  parts 
in  1,000,  of  which  only  6  to  ti  per  cent,  consists  of  miner.tl  sub- 
stances. Of  the  last,  the  soluble  salts  predominate,  being  propor- 
tioned to  the  insoluble  as  7  or  even  9  to  1.  It  also  contains  the 
oxide  of  iron. 

Seen  under  the  microscope,  pus  consists  of  (1)  a  fluid  portion, 
oootaining  (2)  histological  elements — the  pus  (cytoid)  corpuscles. 
An  analysis  of  pus,  as  compared  witb  that  of  the  blood,  shows  the 
ftmoer  to  contain  far  less  albumen,  no  fibrine  at  all,  far  more  fat, 
and  about  three  times  as  much  chloride  of  sodium,  the  latter  being 
ooofined  almost  exclusively  to  the  pus-serum,  b'ibrine,  whether 
ooagnlated  or  not,  is  sometimes  found  mitred  with  pus,  however;  a 
portion  of  the  exudation  still  remaining  unchanged.  "Connective 
tiasao-cella"  (nucleated  fibres),  may  also  be  found  in  pus,  trom  a 
U^ier  organization  of  a  part  of  the  exudation.  (Fig.  104.) 

^.  The/«i(/por(wfi  (pns  serum,  or  hquor  puria)  is  perfectly  clear, 
eolorl«»  or  slightly  yellowish,  has  a  feeble  alkaline  reaction,  and 
OOAgnUtes,  on  being  heated,  into  a  dense  white  mass.  Its  main  coa- 
Ititaent  is  albumen,  which  cunstttutes  from  12  to  37  parts  in  1,000. 
Some  of  the  fat  in  pus  also  belongs  to  the  scrum,  and  about  1  per 
cent,  of  cholcsterine. 
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^8-  IM-  ifiw(mne{pyine),  and  0 

are  only  abnormal  constitu- 
ents of  pus-serum  {Zehmann), 
as  are  also  bile-pigment,  reaia- 
ous  bile  aciiia,  urea,  and  sugar. 
It  is  the  mucosine  which  forms 
the  filaments  seen  in  Fig.  107. 
It  was  called  pyine  by  Giitor- 
bock. 

2.  Accidentally,  blood-cor- 
puaclea,  epithelial  cells,  exu- 
dation-cells, and  fragments  of 
tissues  (Fig.105)  may  be  found 
in  pus;  but  the  only  normal 
histological  element  is  the  cy- 
toid  (pus)  corpuscle,  except 
Kindiuou-coiiii  »nd  nncitntod  tbr-t.  In  pui.  a.    occaflionally   minute    fat-glo- 

Luga   tnuDloni   i^indallmi-Hllg.      I,.   I'ns-carput-     buleS. 

dn.  e.  xi.Dis.wd  (iiirM.  d.  pa.«rpt.Bi6ii,  ib«ir  Pus-corjniscks (Fig.lOG)h&ve 
onctoi  uxug  b,.ogh.  «u  by  «.tie  «Hd^  «■-  o«nQ.  already  been  described  under 
„^.  the  head  ot  cytoid  corpuscles 

(p.  146),  they  being  vesicles 
consisting  of  a  cell-membrane  often  appearing  granular,  with  a  nu- 
cleus adhering  to  it,  aud  viscid  hyaline  contents.     They  average 


Pig.  105. 


Fig.  ins. 


I 


Hg-IM.    PnMo. 


froni  jo^on  to  J, 'on  of  an  inch  in  diameter,  being  usnally  larger 
than  the  cytoid  corpuscles  of  the  blood,  and  smaller  than  those  of 
saliva.  They,  however,  vary  in  ditterent  circumstances,  being  all 
small  in  an  abscess,  and  all  large  in  a  wound.  (Vo^eL)  They  also 
vary  in  appearance  in  different  states  of  the  organism^as  in  phthi- 
sis, m  typhus,  and  in  the  cancerous  dyscrasia.  (Le/tmann.)    Besides, 
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tbcir  SUM  varies,  on  account  of  their  endoamotic  properties,  with  the 
specific  gravity  of  the  pus-serum,  they  being  contracted  and  Bmaller 
fts  the  latter  increases,  ami  vice  versa  (p.  145). 

The  investing  membrane — sometimeB  wanting  in  the  Boialler  cor- 
puscles ( ir«//)— is  an  albuminous  ("proteine")  compound,  but  is  not 
dbriiie.  {Lehtnami.) 

The  nmUiot  pus-corpuscles  are  j^'jb  to  ^g",,  of  an  inch  in  dia- 
meter (Wall),  and  also  appear  to  bo  an  albuminous  substance.  If 
they  had  been  originally  visible,  thej  are  usually  of  a  lenticular 
form,  and  these  are  probably  the  mature  corpuscles.  In  case  they 
are  invisible  at  first,  they  are  subsequently  found  to  be  tripartite, 
and  of  a  sharply-defined  outline.  T!his  latter  appearance,  usually 
prodacod  by  a  change  in  the  chemical  reaction  of  the  pus  after  its 
formation,  has  been  thought  to  be  cbaracterislic  of  pus-corpusoles. 
It  has,  however,  been  already  explained  (p.  146). 

The  contents  of  the  pus-corpuscles  are  also  principally  albuminous 
compounds.  {Lehmann.)  The  fat  of  pus  (20  to  60  parte  in  1,000)  ia 
contained,  in  great  part  (about  two- thirds),  in  the  corpuscles;  and  the 
grantUea  are  probably  composed  of  it,  in  part  at  least. 

In  regard  to  the  precise  manner  in  which  pus-corpusclca  are 
formed,  nothing  s})ecial  need  be  remarked  here,  they  being  deve- 
loped from  minute  granules  into  larger  corpuscles — the  nuclei — as 
Yogcl  baa  shown,  and  around  which  the  cell-wall  subsequently  ap- 
pears; it  being  at  first  transparent,  and  afterwai-ds  granular.  They, 
like  ^1  other  cytoid  corpuscles,  are  first  formed  by  free  cell-develop- 
ment. But  they  may,  doubtless,  be  subsequently  developed  from 
the  pre-existing  corpuscles,  and  thus  pus  propagates  itself.  Hence 
the  importance  of  seasonably  evacuating  a  cavity  containing  pus; 
or  of  destroying  the  pus-corpuscles,  as  by  the  application  of  caustic, 
&c^  aa  io  the  treatment  of  ophthalmia  and  blennorrhoea. 

It  is  a  practically  important  question,  How  long  a  time  is  neces- 
eary  for  ine  development  of  pus  in  a  fresh  exudation?  Lehmann 
stktes  that  in  exudations  "not  perfectly  fresh,  obtained  from  subcu- 
taneous wounds  with  loss  of  anbstance,"  in  the  lower  animals, 
granoles  and  nuclei,  constituting  the  beginning  of  the  suppurative, 
process,  appear  in  "about  half  an  hour."  Gluge  says  that  in  "twelve 
oouis  after  a  blister  is  applied  to  the  surface  of  the  human  body, 
the  exudation  has  become  slightly  turbid  from  the  presence  of  pua- 
oorpuscles,  many  of  which  alreacly  have  a  clear  border  to  one-naif 
of  their  circumference,  which  is  the  -future  cell-wall  in  the  course 
of  development."  The  process  of  development  still  continues,  even 
if  the  exudation  be  removed  from  its  contact  with  the  body.  In- 
deed, in  the  clear  exudation,  when  removed  from  the  surface,  "per- 
fectly spherical  cells  with  nuclei  were  developed  after  several  hours" 
(p.  4*5).  Helbert  had  before  asserted  that  cells  may  form  in  a  plastic 
Umiid  removed  from  the  body. 

In  the  ease  of  a  blister,  we  may,  therefore,  conclude  that  true  pus 
may  be  formed  in  less  than  twenty-four  hours.     A  longer  time, 
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however,  than  forty-eight  hours  is  refiuired  for  its  development  ia 
case  of  wounds ;  and  more  frequently  at  least  seventy-two  to  ninety- 
six  hours  elapse  before  suppuration  is  established  in  case  of  surgical 
operations  iu  adults.  It  is,  however,  more  promptly  established  in 
children,  and  in  the  warmer  season  of  the  year. 

Genuine  pus  is  a  bland  fluid,  and  does  not  dissolve  the  tissues  in 
contact  with  it;  bat  only  destroys  their  vitality,  if  at  all,  by  pressure. 
It  is  thus  that  the  articular  cartilages  may  die  in  case  of  suppuration 
in  bone  in  contact  with  thera.  Morbid  pus,  however  (sanies,  kc), 
is  highly  corrosive,  and  rapidly  dissolves  the  tissues.  Decomposed 
pus  may  also  produce  the  sanae  effect. 

It  is  not  necessary  here  to  speak  of  the  pathological  conditions  of 
pus,  any  further  than  to  remark  that  the  pus-corpuscles  (like  all 
other  cytoid  corpuscles)  are  liable  to  falty  degeneration ;  strongly- 
defined  fat-globulea  appearing  within  them,  aa  in  Fig,  105.  The 
serum  also  then  contains  more  fat  than  usual;  and  finally  the  cha- 
racters of  the  pus-corpuscles  are  lost,  only  scattered  molecules  re- 
maining in  their  stead. 

In  connection  with  pus,  Wedl  mentions  a  peculiar  histological 
element,  occurring  most  frequently  and  in  the  greatest  abundance 
in  the  sputa  of  pneumonitis.  It  ia  a  finely-granular  globule,  ^  ("jj 
to  so'no  ^'f  ^^  \'Dz\\  in  diameter,  with  a  sharply -de  fined  cell-wall  of 
a  yellowish  or  yellowish-brown  color,  sometimes  containing  scat- 
tered pigment-granule*,  and  entirely  destitute  of  a  nucleus.  Fig. 
107  shows  four  of  these  bodies,  mixed  with  pus-corpuscles  and 


Fig,  107. 


Fig.  108. 


^rt  wlih  oll-f  )ubalai. 


filaments  formed  by  the  mucosine  from  the  sputa  above  mentioned. 
They  may  perhaps  be  abortive  glomeruli  or  granule-masses,  and 
hence  Wedl  terms  them  "sterile  cells."     Another  form  of  sputa  in 
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Ditis,  containing  casts  of  the  tubes  and  cells  filled  with 
f  IB  shown  by  Fig.  108, 

s  cannot  be  absorbed  from  a  part  without  disintegra- 
Mrpusclea,  and  then  reappear  in  another  part,  as  some 
still  maintaiD.  It  may  enter  the  blood  through  openings  in  the 
vessels  (as  in  stumps,  &c.),  but  ih  no  other  way,' 

^V'  Uses  of  Pus. 

^^p.  Pas,  being  a  bland  [luid,i3iocideiitally  useful  when  formed  upon 
^^mulating  Burfnces,  in  protecting  the  subjacent  layer  of  the  exuda- 
tion from  the  action  of  the  air,  and  thus  enabling  it  to  be  organized 
into  tissue  instead  of  pus.  The  granulations  themselves  also  would 
be  reabsorbed,  and  the  reparative  prooeas  arrested,  if  the  air  were 
Dot  thus  kept  from  them.  It  follows,  therefore,  that  whenever  it  ia 
impossible  to  exclude  the  air  from  a  granulating  surface  bj  artificial 
Qjeftns,  the  pus  should  not  be  entirely  removed  when  the  dressings 
are  reaewed;  but  only  any  excess,  or  any  portion  which  has  under- 
Bone  or  may  soon  undergo  decomposition.  Here,  then,  pus  is  tnci- 
Oeotally  useful ;  though  its  formation — t.  e.  suppuralion — is  not  de- 
sirable, were  it  possible  to  secure  the  organizatiou  of  the  whole  of 
the  exudation  into  new  tissue. 

2.  Again,  when  an  exudation  has  become  coagulated  in  a  part,  or 
on  a  mucous  membrane,  it  is  sometimes  better  that  it  should  be 
organized  into  pus  than  into  tissue,  provided  it  cannot  be  reab- 
sorbed; for  then  it  may  be  removed  from  the  part.  E.  g.  in  pneu- 
monitis the  exudation  bad  better  become  developed  into  pus-cor- 
puscles and  fatly  molecules  (gray  hepatization),  and  be  removed  in 
tlie  sputa,  than  become  organized  into  an  indurated  mass,  destroying 
tbe  pulmonary  structure.  And  if  the  exudation  in  true  croup  is 
GODTerted  principally  into  pus  and  removed  by  the  act  of  coughing, 
instead  of  taking  the  form  of  a  tough  false  membrane,  so  much  tho 
better  for  the  patient.  In  such  cases,  therefore,  the  formation  of  pus 
is  an  advantage ;  in  other  terms,  suppuration  is  an  advantage,  though 
tbe  pus  itself  is  of  no  use  in  the  organism. 

8.  Oq  the  other  hand,  suppuration  ia  always  directly  destructive  of 
Uie  exuded  plasma — i.e.  it  prevents  the  latter  from  being  organized 
into  tissue.  Hence  profuse  suppuration  produces  a  powerful  exhaust- 
ing effect  upon  the  organism,  unless  neutralized  by  an  abundance  of 
nutritious  food.  The  emaciation  which  it  also  produces  is  easily  ex- 
plained by  the  abundance  of  fat  in  pus,  there  oeing,  on  an  avernge, 
at  least  ten  to  fifteen  times  as  much,  proportionally,  as  in  tho  blood. 
Hence  the  use  of  cod-Uver  oil  seems  to  be  indicated  here  as  well  as 
in  scrofula  and  phthisis.     It  also  follows  that  in  all  cases  of  repair 

'  Vogel  tneotions  ft  coae  ot  «iiip7«nui  in  wtkicti  &  ttiiok  erettny  fluid  cacspad  in 
th*  uriiui  irliua  tliu  lliontcic  efTuslon  sabsided.  The  microscope,  lioweT^r,  ibowvil 
that  tlw  utin^rj  kdmixtura  coiuistad  autinily  of  epilheli&l  debriB, 
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by  granulation  we  shoulO,  by  excluding  the  air  by  appropriate 
dressiDga,  and  by  all  other  possible  means,  reduce  the  amonnt  of 

pus  to  the  minimum. 


The  preceding  is  believed  to  be  the  view  of  the  subject  of  transu- 
dations, exudations,  and  the  formation  of  pus,  which  the  present  state 
of  science  demands.  In  regard  to  the  first  two  subjects,  it  must, 
however,  be  admitted  that  much  atiU  remains  to  be  ascertained  and 
settled.  Only  well-marked  transudations  on  the  one  hand,  and  exu- 
dations on  the  other,  have  been  here  discussed.  But  all  possible 
transitional  forms  between  the  two  are  found  to  exist;  there  beinc 
sometimes  a  transudation  with  a  small  amount  of  exudation  added 
to  it,  and  at  others  precisely  tbe  reverse.  We  may  also  have  a  trans- 
udation, as  well  as  an  exudation,  mixed  with  pus;  and  herein  liea  the 
essential  difficulty  in  investigating  these  subjects.  In  conclusion, 
we  must  confess,  therefore,  with  wedl,  that  "our  present  doctrine 
with  respect  to  exudation  [and  transudation]  is  but  a  very  poor 
crutch,  upon  which  we  must  hobble  for  a  time,  in  order,  in  some 
degree,  to  obtain  a  measure  of  the  field  we  have  to  survey"  (p.  38). 
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The  glandular  are  here  associated  with  the  mucous  secretions 
from  the  fact  that  the  ducts  of  all  true  glands  are  lined  by  a  mucous 
membrane,  which  secretes  some  of  the  varieties  of  mucus  in  a  part 
of  its  extent,  while  its  epithelial  cells  in  the  smallest  8ubdivision.s 
of  the  ducts  elaborate  the  secretion  characteristic  of  the  gland.  It 
consequently  results  that  all  the  true  glandular  secretions  contain 
an  admixture  of  mucus,  to  a  greater  or  less  amount ;  and  hence  the 
mucous  secretions  will  be  first  described,  under  the  head  of  "  Mucns." 


SECTION   I. 
MTicua, 


It  has  been  supposed  to  be  a  sufficiently  accurate  statement  that 
mucus  is  the  fluid  normally  secreted  upon  the  mucous  membranes. 
While,  however,  we  have  a  definite  idea  of  a  mucous  membrane  aa 


rtLjt  ooDtaiung  the  same  histological  elemeDls,  it  is  by  no  means 
true  that  precisely  the  same  secretion  is  aiforrled  by  them  all.  The 
ultimate  ramiBcations  of  the  ducta  of  all  true  glands  (salivary 
glands,  kidneys,  kc.)  are  lined  by  a  mucous  membrane,  though 
their  secretions  widely  differ  from  each  other,  and  are  in  no  case 
true  mucus.  It  is  more  accurate  to  say  that  the  epithelial  cells 
alooe  of  the  membrane  secrete.  But  here  again  we  must  exclude 
the  epithelial  cells  of  the  miuutest  gland-ducta  in  specifying  the 
structure  coneerned  iu  elaborating  mucus. 

Where,  however,  we  find  a  mucous  membrane,  in  other  circum- 
Atances,  is  expanded  as  a  protective  structure  (aa  in  the  alimentary 
canal,  air-passages,  &c.),  we  also  6nd  minute  cavities  sunk  into  its 
subetance  and  opening  upon  its  surface,  and  the  epithelial  cells  of 
tbeae  are  the  actual  secretors  of  true  mucus.  Doubtless,  also,  the 
epithelial  cells  upon  the  general  level  of  the  mucous  membrane 
Mcrete  mucus,  but  in  a  leas  degree.' 

Uacus  may  therefore  be  defined  to  be  the  Suid  secreted  by  the 
epithelial  cells  of  the  follicles  and  of  the  general  surface  of  mucous 
membranes,  except  where  they  form  the  lining  of  minute  gland- 
duets. 

It  is,  however,  not  true  that  mucus  is  always,  in  composition,  the 
same  fluid,  even  when  restricted  to  these  limits.  It  contains  an 
immediate  principle  called  mucosine;  but  it  has  already  been  stated 
(p.  84)  that  at  least  three  varieties  of  this  substance  exist,  to  which 
as  many  different  forms  of  mucus  correspond.  Indeed,  it  is  clear 
that  the  same  fluid  would  not  answer  the  requirements  on  the  dif- 
ferout  mucous  membranes,  or  on  all  parts  of  the  same  one ;  hence 
the  mucus  of  the  mouth  is  very  different  from  that  of  the  nasal 
passages,  and  that  of  the  cervix  uteri  from  that  of  the  uterine  ca- 
vity and  of  the  vagina.  A  more  discriminating  investigation  of 
the  different  fluids  termed  mucus,  because  found  on  mucous  mem- 
bnoes,  is  therefore  demanded.  Physiologically,  mucous  membrane 
has  no  specific  character,  so  far  as  it  ia  eecrelive,  but  only  so  far  as  it  is 
protective. 

Mucus  is  described  as  a  viscid  mass,  capable  of  being  drawn 
ioto  threads,  and  consisting  (1)  of  a  pellucid,  cohesive  fluid,  con- 
taining (2)  a  variety  of  morphological  elements,  principally  epi- 

elial  cells. 


Ul  burnt  (bo  colled)  also  belongj  lo  tb.ii  oategory ,  nnd 
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1,  The  fiuid  portion  alone  of  mucus  ia  peculiar,  and  tliia  alone  ia 
to  be  regarded  as  a  secretion.  Its  chemical  reaction  varies ;  being 
alkaline,  for  instance,  in  mucus  from  the  cervix  uteri,  while  it  ij 
acid  in  that  from  the  vagina.  It  contains  only  from  4.4  to  11.8  per 
cent,  of  solid  matter,  of  which  0,7  per  cent,  consists  of  salts,  the 
chloride  of  sodium  being  the  most  abundant. 

2.  The  morphological  elements  are  to  be  regarded  as  distinct 
developments,  either  formed  or  merely  inclosed  in  the  fluid  portion. 
The  epithelial  cells  belong  to  the  latter  category,  the  cytoid  (mucus) 
corpuscles  are  developed  in  the  true  mucus,  after  its  secretion  from 
the  blood,  upon  the  mucous  membrane  (p.  147).  The  morphological 
elements,  however,  usually  form  a  large  portion  of  the  whole  mass. 
The  epithehal  cells  are  conoidal  or  otherwise  in  form,  according  U.> 
the  particular  membrane  or  part  from  which  they  are  derived.  The 
cilia  usually  become  detached  if  the  epithelia  were  ciliated. 

Albumen  does  not  exist  normally  in  mucus,  but  occurs  whenever 
the  mucous  membrane  becomes  inflamed.  {Jttlius  Vo^el.)  It  may 
also  occur  in  mere  congestion ;  but  in  both  of  these  cases  results 
from  transudation.  Fat  is  abundant  in  catarrhal  affections,  in  the 
form  of  vesicles  or  granules :  there  being,  however,  but  very  little 
in  normal  mucus.  Molecular  granules  are  most  abundant  in  the 
white  sputa  of  typhus.  Coagula  of  fibrine  and  colored  blood-cor- 
puscles are  often  found  on  mucous  membranes  when  inflamed  (e,  g. 
in  croup);  but  here  true  mucus 


Fig.  109. 


ia  no  longer  secreted,  but  an 
exudation  has  occurred  instead. 
These  coagula  often  form  tubes 
lining  the  bronchia  in  bronchi- 
tis and  pneumonitis.  A  mixture 
of  mucus  and  blood -corpuscles 
and  epithelial  cells  is  shown  by 
Fig.  109. 

Granular  masses  and  cells — 
.    _      inflammation-globules  (p.  119), 
Ji%  it^   ^^  ^'^'^  found,  especially  in  case 
f  ^2?     of  inflammation  of  the  air-pas- 
"-  sages.     Some  discover  pus-cor- 

puscles, also,  in  case  of  inBam- 
raation  of  the  mucous  mem- 
branes; but  it  has  been  already 
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ahown  that  the  latter  are  not  to  be  distinguiahed,  in  their  aatural 
state,  from  the  normal  cytoid  corpuscles  in  mucus  (p.  14ti).  Vibri- 
ooea  and  microscopic  Fungoid  growths  must  be  considered  as  of 
incidental  occurrence. 

It  should  also  be  added  that  a  fiuid  possessing  all  the  characters 
ascribed  to  mucus  is  sometimes  secreted  in  certain  cysts. 

The  qttantity  secreted  by  the  mucous  membranes  cannot  be  ascer- 
tained with  accuracy.  Valentin  believed  the  amount  to  be  exceed- 
ingly small,  or  even  absolutely  nothing,  in  the  normal  state.  Cer- 
tainly it  is  only  in  irritative  congestion,  or  inflammation,  that  the 
amount  becomes  considerable ;  but  then  there  is  a  transudation  or 
exadation,  or  both,  mixed  with  the  true  mucus. 

Origin. — It  has  been  stated  that  true  mucus  (i.  e.  the  fluid  portion) 
is  secreted  by  the  epithelial  cells  of  the  follicles  or  of  the  general 
surface  of  mucous  membranes,  except  when  they  line  the  ducts  of 
glands;  while  the  epithelial  cells  of  the  latter  secrete  saliva,  urine, 
4c.,  according  to  the  gland  in  which  they  eiist.  It  ia,  therefore,  the 
epitheiial  <xlU  on  a  raucous  merabraue,  and  not  the  mucous  mem- 
bimne  merely  as  such,  which  manifest  specific  vital  properties  and 
9j>ecific  secretory  functions  (p.  195). 

It  has  been  su^ested  that  the  true  mucus  is  derived  from  a  sort 
of  decomposition  or  partial  disintegration  of  the  epithelial  cells. 
Though  this  chemical  view  may  be  correct  so  far  as  it  implies  that 
mucus  as/ownd  is  different  from  the  same  while  still  inclosed  within 
tlie  upithelial  cells,  there  are  sufficient  physiological  grounds  fbr  the 
belief  that  mucus  is,  at  auy  rate,  originally  elaborated  within  the 
epithelial  cells,  from  the  plasma  of  the  blood.  It  might  be  antici- 
pated that  the  form  of  the  epithelium,  whether  scaly  or  conoidal, 
would  correspond  with  a  difference  in  the  fluid  secreted. 

The  cytoid  (mucus)  corpuscles  are,  by  some,  said  not  to  be  present 
in  normal  mucus.  Kdlliker  maintains  that  they  "are  abnormal, 
but  almost  constantly  present,"  in  the  mucus  of  the  oral  cavity; 
beiog  a  "kind  of  exudation  or  pus-corpuscle,  with  which  they  have 
tlie  closest  possible  resemblance  in  structure"  (p.  466),  Lehmann 
aeema  rather  to  indorse  the  idea  that  the  mucu^corpuscles,  so  called, 
are  mi-Tely  abortive  epithelial  cells. 

Wbile  we  agree  with  RuUiker  that  the  cytoid  corpuscles  consti- 
tute no  part  of  the  true  mucus,  we  cannot  regard  them  as  abnormal 
products;  nor  admit,  on  the  other  hand,  that  they  have  any  deve- 
lopmental relation  to  the  epithelial  cells.     We  believe  them  to  be 


I 


i 


198 


THE   FLUIDS. 


I 


developed  in  the  true  mucus  (probably  from  the  mncosme  eape- 
ciatly),  in  accordance  with  the  law  specified  on  page  146,  Hence, 
in  case  of  irritation,  congestion,  or  inflamraation  of  the  membrane, 
these  corpuscles  increase;  since  not  only  mucus  13  secreted,  bm 
(from  the  consequent  transudation  or  exudation  upon  the  mem- 
brane) albumen  or  fibrine  (or  both)  is  blended  with  it. 

Uses. — True  mucus  is  merely  protective  to  the  parts  with  which 
it  is  brought  in  contact.  Some  of  its  moJificatioua,  however — .is 
the  gastric  and  intestinal  fluids — perform  an  important  function  in 
aid  of  digestion,  as  will  appear  (pp.  200  and  201). 

From  the  relations  of  the  mucous  membrane  to  the  true  gknda, 
which  have  been  specified,  it  must  follow  that  all  the  glandular 
secretions  must  contain  an  admixture  with  them,  to  a  greater  or 
less  extent,  of  true  mucus  and  mucus-corpuscles. 

Varieties. — Three  varieties  of  mucus  have  already  been  men- 
tioned, viz: — 

1.  The  mucus  from  the  nares  and  bronchial  tubes,  the  large  in- 
testine, and  the  interior  of  the  uterus. 

2.  That  from  the  neck  of  the  uterus.  This  has  an  alkaline  reac- 
tion, while  that  from  the  vagina  is  acid. 

3.  The  mucus  in  the  urine. 

Other  varieties  still  might  be  added,  which  differ  not  only  in 
appearance,  but  also  in  the  characters  of  the  mucosine  they  contain. 

Synovia,  in  its  chemical  composition,  approaches  nearer  to  the 
mucous  than  to  the  serous  secretions,  Tildanus  always  found  mu- 
cosine in  it,  as  well  as  albumen.  The  synovial  bursaa  also  contain 
true  mucus  rather  than  synovia,  and  were  by  Bichat  not  inappro- 
priately termed  "bursas  mucosEO," 

The  remaining  modifications  of  mucus,  which  require  a  particular 
description,  are  the  gastric  and  the  intestinal  fluids.  si 

The  Gastric  Fluid.  ]^| 

Pure  gastric  fluid  is  clear,  liquid,  colorless  or  slightly  yellowi^i 
of  a  pecuHar  feeble  smell,  a  slightly  saltish  taste,  and  of  a  very 
acid  reaction.  It  is  a  little  heavier  than  water,  and  for  a  long  time 
resists  decomposition.  No  morphological  elements  belong  to  it, 
though  the  epithelial  cells  of  the  gastric  follicles  (favuli)  and  their 
nuclei,  and  a  fine  molecular  matter,  are  found  floating  in  it. 

Gastric  fluid,  when  filtered,  contains  only  1.05  to  1.48  per  cent 
of  solid  elements;  of  which  63  per  cent,  are  organic,  aud  37  per 
cent,  are  inorganic  matters. 


THE   GASTRIC   FLUID. 

c  substance  to  which  the  gastric  fluid 
mainly  owes  its  property  in  aid  of  digestion,  is 
called  peptm.  It  is  closely  allied  to  the  albumi- 
Dotu  compounds. 

The  free  acid  of  the  gastric  juice  is  partly  the 
h3rdrochloric  and  partly  the  lactic  acid  (p.  61). 
The  former  constitutes,  on  the  average,  0,35  per 
cent.,  and  the  latter  0.45  per  cent,  of  the  fluid. 
The  hydrochloric  acid  usually  does  not  appear 
till  some  time  at\er  digestion  has  commenced. 
{_Lehtnarm^ 

Of  the  mineral  constituents  of  gastric  juice,  the 
chlorine  compounds  are  the  most  abundant.  The 
chlorides  of  sodium,  ammonium,  calcium,  magne- 
aium,  and  iron  are  found  in  it. 

Accidentally,  also,  iodide  and  ferrocyanide  of 
potassium,  salts  of  iron,  and  urea  may  exist  in 
gastric  fluid. 

Experiments  lead  to  the  conclusion  that  dogs 
secrete  in  twenty-four  hours  an  amount  of  gastric 
fluid  equal  to  one-tenth  their  weight,  This  would 
give  a  range  between  12  and  18  pounds  for  a  ouiricpfpuogiMd. 
man.  Lehmanu  states,  however,  that,  "according  °u'^^"''b™^u.  *'* 
to  several  direct  observations  on  a  woman,  as  c.  tmuumi  ra-c.  wiih 
much  as  one-fourlh  of  the  weight  of  the  body  has  '•'*""'**'  gund-c.ii.. 
been  found  to  he  secreted  as  gastric  fluid"'  !I!  Of  course  this  is  all 
secreted  directly  from  the  blood,  and  the  latter  is  estimated  by  Leh- 


mann  to  constitute  but  one  eighth  of  the 
weight  of  the  body.  No  further  remark 
appears  necessary  upon  his  estimate  of  the 
gastric  fluid. — The  quantity  is  increased  by 
aromatic  substances,  sugar,  alcohol,  and  al- 
kalies. It  is  not  secreted  ul  all  during 
fasting. 

Origin. — Gastric  fluid  is  secreted  by  the 
epithelial  cells  of  the  peptic  gastric  glands 
(Fig.  110),  as  mucus  is  by  the  epithelial 
I  of  other  mucous  membranes,  as  al- 


chemical Pbjaiology,  p,  1 


Pig.  111. 
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ready  explained.  The  gastric  favuli,  into  which  these  glands  open, 
are  shown  by  Fig.  111. 

Fi-inction.— It  ia  by  the  agency  of  the  gastric  fluid  that  the  albo- 
ininous  compounds  in  the  food  are  dissolved'  and  converted  into 
uucoagulable  substances,  soluble  in  water  and  dilute  alcohol,  and 
which  Lehmann  baa  termed  jteptmes.  Mialhe  first  termed  these 
substances  albuminose  (p.  87).  It  is  probable  that  the  acids  are 
principally  efficient  in  dissolving  these  compounds ;  while  the  pep- 
sin, acting  by  catalysis,  enables  them  to  exert  a  vastly  greater  sol- 
vent power  than  they  would  without  it.  From  3  to  5  grains  ol 
coagulated  albumen  may  be  dissolved  in  100  grains  of  recent  gas- 
tric juice.  It  has  no  effect  at  all  on  the  fats  and  other  non-nitro- 
geuized  elements  of  the  food,  these  passing  through  the  stomach 
UDcbangod  by  it.  Other  strong  mineral  acids  (but  not  the  organic) 
may  partially  supply  the  place  of  the  hydrochloric  and  lactic.  Its 
digestive  power  is  also  increased  by  the  addition  of  fat.  Bile  en- 
tirely suspends  its  digestive  power,  and  saliva  diminishes  it. 

The  gastric  fluid,  however,  is  not  sufficient  to  dissolve  all  the 
albuminous  compounds  necessary  to  nourish  an  animal.'  {Lehmaim.) 
Besides,  it  loses  its  digestive  power  in  the  duodenum,  where  its  acid 
reaction  is  overcome  by  the  alkaline  bile  and  pancreatic  fluid. 
Another  fluid  must  therefore  flow  into  the  intestine,  below  the 
duodenum,  which  exerts  a  similar  effect,  and  wbicb  will  be  next 
described.  ^ 

The  Intestinal  Fluid.  fl 

Frerichs  has  ascertained  that  the  glandulie  aggregatje  (Peye^W 
patches)  contribute  but  very  slightly'  to  the  formation  of  the  intes- 
tinal fluid — they  being  closed  sacs — and  that  its  true  secreting  or- 
gans are  the  pouch-like  follicles  of  the  small  intestine  (Lieberkuhn's 
follicles),  and  the  similar  larger  and  very  numerous  follicles  of  the 
large  intestine.  In  chemical  composition,  the  fluids  of  the  small 
and  the  large  intestine  are  found  to  be  perfectly  identical. 

The  intestinal  fluid  is  a  glassy,  transparent,  colorless,  tenacious 


'  Bernard  prores  that  «blle  wbite  flbrons  tissne  Is  disBOlrad,  mnaoolar  fibre  is 
merely  aofteaed,  as  if  it  had  been  boilad.  Slarph,  aagar,  and  f»t  are  not  affeoled 
at  all  by  the  gastric  flaid. 

<  This  assertion  is  doubtless  correct  in  itself,  bnt  not  at  all  coDsUtaut  iritli  Leh- 
nann's  estimate  of  lU  qnaatitj,  mentioned  on  page  199. 

'  Not  In  the  least,  as  will  appear  in  the  chapter  on  "The  Alimentary  Canal." 
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I,  vitli  a  etroug  alkaline  rcactioa.  (Fr&^cks.)  Of  course  there 
must  be  more  or  less  true  mucus,  in  all  cases,  in  combination  with 
the  secretion  of  the  follicles.  The  morphological  elements  found 
in  this  fluid  are  conoidal  epitheUum -cells  (these  having  secreted  it), 
Daclei  from  the  same  probably,  granular  cells,  and  here  and  there  a 
little  fat 

This  fluid  averages  3.2  per  cent,  of  solid  coostituenta,  .195  per 
cent  being  fat. 

The  qiiantity  of  the  intestinal  fluid  cannot  be  accurately  ascer- 
tained. Bidder  and  Schmidt  calculate  that  about  9J  ounces  are 
secreted  in  twenty-four  hours  by 'a  naan  weighing  140  pounds.  It 
is  secreted  in  greatest  abundance  four  or  five  hours  after  a  meal, 
and  is  increased  by  drinks. 

Origin. — The  intestinal  fluid  is  secreted  by  the  epithelial  cells  of 
tbe  follicles  of  the  small  and  of  the  large  intestine.  (Fig.  112.) 

Fig.  112. 


TT»e». — This  finid  ib  proved,  hy  the  experiments  of  Bidder  and 
Schmidt,  to  unite  in  itself  the  powers  of  both  the  gastric  and  the 
{MDcreatic  fluids — i.e,  it  at  the  same  time  digests  flesh  and  all  albu- 
minouB  Bubstaoces,  and  also  changes  starch  and  prepares  it  for 
abtwption.  It  has  been  seen  that  tbe  gastric  fluid  loses  its  power 
M  a  digestive  agent  on  arriving  in  tbe  duodenum ;  and  tbe  pan- 
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creatic  flaid  ia  reabsorbed,  and  therefore  disappears,  by  the  time  it 
reaches  the  middle  of  the  small  intestine.  Other  agencies  are  there- 
fore required  to  complete  the  processes  these  two  flaida  have  com- 
menced, as  the  food  passes  lower  down  the  canal;  and  these  are 
apparently  supplied  by  the  intestinal  fluid  alone.  It  appears, 
moreover,  that  while  bile  suspends  and  the  pancreatic  fluid  impedes 
the  digestion  of  the  albuminous  compounds  by  the  gaatrio  juice, 
they  do  not  at  all  interfere  with  that  by  the  intestinal  fluid. 

SECTION  II.  -^fl 

THE  GLANDULAK  SECaETlONS.  ^H 

"By  the  glandular  secretions  are  meant  those  of  the  true  or  com- 
pound racemose  glands,  and  whose  ducts  are  lined  by  a  prolonga- 
tion from  a  mucous  membrane.  They,  of  course,  all  contain  some 
admixture  of  mucus,  and  will  be  described  in  the  following  order; 


I.  Milk, 
n.  Semen. 

III.  Glandular  secretions  discharged  into  the  aliment 

canal  (aaiiva,  bile,  &c.). 

IV.  Urine. 
V.  The  lachrymal  fluid. 


I 


I.  Milk. 

Human  milk  is  white,  slightly  translucent,  colorless,  of  a  weak 
sweetish  taste,  and  of  an  alkaline  reaction.  Its  speciflu  gravity  is 
between  1030  and  lOSi.  After  standing  at  rest  for  a  time,  a  yel- 
low layer  abounding  in  fat  (the  cream)  forma  on  the  surface,  while 
the  fluid  below  becomes  specifically  heavier,  and  of  a  bluish  tinge. 
It  is  not  coagulated  by  boiling,  but  forms  on  its  surface  a  film  of 
coagulated  case ine  mixed  with  fat-giobules.  Eennet  (t'.e.  the  mu- 
cous membrane  of  the  calfs  stomach)  coagulates  it,  as  has  already 
been  explained  in  connection  with  the  properties  of  caseine  (p.  &S). 
Exposed  to  a  temperature  somewhat  above  the  mean,  an  acid  is 
developed  in  it,  and  which  precipitates  the  caaeine,  constituting  the 
acid  fermentation  or  "souring"  of  the  milk. 

The  milk  secreted  for  the  first  three  or  four  days  afler  parturition 
has  peculiar  characters,  and  is  called  colostrum.  This  is  a  turbid, 
yellowish  fluid,  resembling  soap  and  water,  viscid,  and  strongly 
alkaline  in  reaction.  It  contains  more  solid  constituents  than  nor- 
mal milk,  and  passes  more  rapidly  into  the  acid  fermentation.   Tl 
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increase  principally  affects  the  sugar  (to  70  parts  in  1,000)  in  wo- 
man's nriilk,  and  tbe  caseine  in  that  of  the  cow.  It  also  contains 
more  £at  than  normal  milk  (even  50  parts  in  1,000),  this  proceeding 
probably  from  the  colostrum- 
oorpascles ;  and  twice  or  thrice 
the  amount  of  salts. 

Under  the  microscope,  milk 
shows  an  immense  number  of 
fat -globules  suspended  in  a  clear 
fluid,  and  which  are  called  tbe 
miik-globulea.  (Fig.  113.)  For 
a  short  time  afler  parturition  it 
also  contains  the  colostrum  cor- 
puscles, some  of  which  are  also 
shown  in  the  accompanying 
figure. 

1.  The  miVc-glohula  are  from 
,i„  to  „'..  (HiisMj  says  ,i„      ""--'•T.SIZ'^IIZ^""-  "' 
to  jj)'oc)of  an  inch  in  diameter, 

being  fat-globules  surrounded  by  a  special  membrane  of  caseine,  as 
already  stated  (p.  89). 

The  eohelrum-corpmcUa  (granular  cells)  are  irregular  conglome- 
rations of  fat-granules,  held  together  by  an  amorphous  albuminous 
sabstance  (homogeneous  substance),  being  jn'on  to  nearly  jJn  of  an 
inch  in  diameter,  having  no  nucleus  nor  cell-wall.  They  occur  not 
only  in  the  colostrum  (up  to  the  third  or  fourth  day  after  partu- 
rition, and  sometimes  even  up  to  tbe  twentieth),  but  always  also 
when  the  milk-secretion  is  disturbed  by  any  pathological  condition. 
Precisely  similar  bodies  also  occur  in  inflammatory  exudations,  and 
are  then  called  "glomeruli"  and  "inflammation-globules."  (See 
Figs.  42  and  ot).) 

Epitbelial  celts  often  appear  in  milk ;  cytoid  (mucus)  corpuscles 
rarely — and  in  pathological  states  of  the  mammary  glands.  Fibrin- 
ous clots  and  blood -corpuscles,  of  coarse,  occur  only  when  hemor- 
rhage into  the  lactiferous  ducts  has  taken  place.  Infusoria  (ribno 
bacUlus  and  byssus),  as  in  the  blue  milk  of  cows,  are  very  rarely 
obaorved. 

2.  Tbe  fluid  portion  of  milk  consists,  on  an  average,  of  water 
883.B  parts  {Simmi)  to  1,000  of  milk,  holding  in  solution  the  fol- 
lowing substances,  and  in  the  foUowittg  proportions : — 
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1.  Oaaeine 34.3 

2.  Sugar  of  milk  (lactine)  and  extractive  mattera  .       485 

3.  Fbced  aalta 2.3 

4.  The  butter  (fat)  ia  derived  from  the  milk-globules,  and 

makes  up  the  remaioing  25.3  parts  in  1,000. 

1.  The  amount  of  caseins  in  woman's  milk  is  greater  after  animal 
than  after  vegetable  food.  It  is,  however,  less  abundant  than  in 
cow's  railk,  the  latter  containing  41.6  {Plaiifair)  in  1,000.  The 
coftgulum  ia  also  less  dense,  and  therefore  more  easily  digested  by 
the  infant.  L'Heritier  found  over  50  per  cent,  more  caseine  in  the 
railk  of  the  brunette  than  in  that  of  the  blonde. 

2.  Woman's  milk  contains  more  sugar  than  that  of  the  cow;  the 
latter  containing  34  to  43  in  1,000.  L'Heritier  also  found  that  the 
milk  of  the  brunette  contains  more  sugar  than  that  of  the  blonde, 
in  the  proportion  of  7  to  5.85,  It  is  increased  by  a  vegetable  diet. 
{DuTtma  and  Bensch.)  Diseases — especially  syphilis — do  not  appear 
to  modify  its  amount,  nor  does  either  an  abundant  or  an  insuffi- 
cient diet. 

3.  The  salts  are  less  than  one-half  as  abundant  in  woman's  milk 
as  in  that  of  the  cow;  the  latter  containing  5.5  to  8.5  in  1,000.  The 
difference,  however,  more  especially  affects  the  insoluble  salts  be- 
longing to  the  caseine,  and  which  are  diminished  with  its  diminu- 
tion. The  principal  salts  are  the  chlorides  of  sodium  and  potassium, 
and  phosphates  of  the  alkalies,  lime,  and  magnesia,  besides  the  alkali 
combined  with  the  caseine. 

4.  The  /at  (butter)  of  woman's  milk  ia  supposed  to  be  richer  in 
oleine  than  that  of  cow's  milk.  It  is  increased  by  fatty  food.  The 
whole  amount  of  fat  is  much  less  than  in  cow's  milk  (the  latter 
containing  45  in  1,000),  and  remains  nearly  the  same  through  the 
entire  period  of  lactation.  The  milk  first  drawn  from  the  breasts 
is  poorer  in  fat  than  that  Sowing  ailerwards.  The  fat  also  dimin- 
ishes in  dis 

ABmmen  has  been  detected  in  milk  in  case  of  infiammation  of 
the  lacteal  gland.  But  doubtless  mere  congestion  may  cause  it  to 
appear,  a  transudation  being  thus  mixed  with  the  normal  secretion. 
Urea  may  occur  in  the  milk  in  Bright's  disease  of  the  kidney. 
Iodide  of  potassium  may  also  pass  into  the  milk,  but  it  has  not 
been  prm'ed  that  other  medicinal  substances  can. 

The  quantity  of  milk  secreted  by  a  healthy  nursing- woman,  from 
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boA  bresstfl,  in  twenty-foir  hours,  avfirages  about  2  pounds  nnd  14 
ounces,  or  22  grains  for  every  1,000  grains  of  her  weight.  A  cow 
secretes  only  10.4  grains  to  1,000,  or  13  pounds  and  4  ounces  in 
all.'  {Lfkmann.) 

Origin. — Milk  is  secreted  by  the  epithelial  cells  of  the  ultimate 
follicles  or  coeca  of  the  lacteal  glands.  It  is  not  to  be,  hence,  in- 
ferred, however,  that  its  constituents  exist  preformed  in  the  blood; 
for  true  secretion  (the  urine  alone,  perhapB,  excepted)  always  implies 
that  the  fluid  secreted  is  formed  in  the  cells  from  the  elements  in 
the  plasma  of  the  blood,  and  therefore  contains  elements  not  to  be 
found  in  tbe  latter.  It  has  already  been  stated  that  the  sugar  is 
formed  in  tbe  mammary  gland  (p.  72);  and  the  assertion  of  Mialbe, 
that  cascine  exists  in  the  blood,  though  probable,  has  not  been 
folly  confirmed  (p.  88).  The  caseine  of  tbe  milk  is  pretty  certainly 
derived  from  the  albumen  in  the  blood. 

The  ducts  and  terminal  follicles  of  the  lacteal  gland  are  shown 
by  Figs.  114  and  115. 


Rg.  114. 


Fig.  US. 


mui-dDCI*  wrmlnjillDj  Id  tln.lrr.  u(  (ullKlH.       T»riBln»l  riBcs  (M11c1m|  ot  luUxl  giind,  with 
Iholr  lecrBtllu  «11.  (o.n)  ;  bdcIb!  (6,  b). 

The  epithelial  cells  lining  the  follicles  (Fig.  115)  may  be  seen  to 
contain  the  milk-globules,  and  are  therefore  proved  to  be  tbe  real 
agents  in  this  secretion.  On  bursting,  they  set  the  globules  free  in 
tb«  follicles,  which,  communicating  with  the  ducts  (Fig.  114),  pour 
the  milk  into  the  latter. 

Vm*. — Milk  is  the  normal  food  of  all  the  mammalia  during  tbe 
first  period  after  birth.  It  therefore  combines  all  the  elements  ne- 
cessary for  perfect  nutrition  and  rapid  growth.  A  discussion  of  all 
its  important  physiological  relationa  would,  however,  be  out  of 
place  here.    The  caseine  is  its  nutritive  element  (p.  89). 

If,  however,  milk  is  the  proper  nouriabment  for  tbe  infant,  while 
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growth  and  development  are  rapid,  it  cannot  be  so  for  the  aged 
Seizures  simulating  apoplexy  are  sometimes  produced  by  milk  in 
aged  persons  not  accustomed  to  its  use. 

Woman's  milk  usually  becomes  suddenly  deficient  in  caseine  at 
the  end  of  a  year  after  parturition.  This  may  be  accepted  as  an 
iudicution  that  lactation  should  not,  as  a  general  rule,  be  prolonged 
beyond  this  period.  Up  to  this  time  it  becomes  more  and  more 
nutritious,  in  proportion  to  the  increased  size  and  strength  of  the 
infUut, 

It  frequently  becomes  necessary  to  substitute  the  milk  of  one  of 
the  lower  animals  for  that  of  woman,  and  the  following  facts  are  of 
interest  on  this  subject: — 

1.  Oow^s  milk  contains  a  small  amount  more  of  solid  constituents 
than  woman's  milk,  in  the  proportion  (average)  of  140  to  120  in 
1,000  of  milk.  It  contains  more  caseine  (41.6  :  84.3),  more  &t 
(46  :  25,8),  and  far  more  salts  (7  :  2.8).  On  the  other  hand,  it  con- 
tains less  sugar  (88.5  :  48.2). 

Consequently,  if  from  1,000  parts  of  cow's  milk  nearly  one-half 
())  of  the  cream  is  first  removed,  and  then  186  parts  of  water  and 
10  parts  of  sugar  be  added,  the  result  will,  in  composition,  very 
nearly  resemble  woman's  milk,  except  that  the  salts  wHl  still  be  too 
abundant  The  following  formula  will,  therefore,  answer,  for  prac- 
tical purposes,  as  nourishment  for  an  infant : — 

R. — Cow's  milk        .        .    16  ounces  (1  pint). 
(Remove  one-half  the  cream.) 
Water        ...      8  ounces  (6  tablespoonfuls). 
Sugar         .        •        .       i  ounce  (a  large  teaspoonful). 

2.  Goat'^s  milk  is  sometimes  substituted  for  that  of  woman.  It 
contains  132  to  145  of  solid  constituents,  of  which  40.2  to  60.3  are 
caseine,  38.2  to  42.5  are  fat,  and  from  40  to  53  are  sugar,  in  1,000 
parts. 

3.  The  milk  of  the  ass  has  less  (only  91.6  to  95.3)  of  solid  con- 
stituents, there  being  only  16  to  19  of  caseine,  from  12.1  to  12.9 
of  butter,  and  62.9  to  68  of  sugar.  It  is  the  richest  of  all  in  sugar, 
but  poor  in  caseine  and  butter. 

4.  Mare's  milk  contains  162  in  1,000  of  solid  residue,  but  little 
caseine  (17),  a  large  amount  of  fat  (69.5),  and  the  most  sugar  of  all 
(87.5). 

5.  Sheqi's  milk  contains  143.8  of  solid  constituents,  40.2  being 
caseine,  42  fat,  50  sugar,  and  6.8  salts. 

A  formula  may  be  easily  deduced  from  the  preceding  data,  if  it 
be  desirable  to  sustain  the  human  in£Eint  on  the  milk  of  either  of 
the  four  animals  last  mentioned. 
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The  only  carnivorous  animal  whose  milk  haa  been  analyzed  is  the 
bitch.  Her  milk  has  an  acid  reaction  (when  she  is  fed  on  animal 
food),  and  contains  274.6  to  224.8  in  1,000  of  solid  constituents.  Of 
these,  80  to  110  are  caseine,  from  68.4  to  109,5  are  butter,  while  the 
quantity  of  eugar  of  milk  in  very  small.  The  last  and  the  butler 
arc  increased  by  mixed  food.  The  great  amount  of  caseine  and  of 
fat  deserves  especial  notice,  in  a  physiological  point  of  view. 


n.  Seuek. 

Semen,  as  usually  observed,  is  mixed  with  the  prostatic  fluid  and 
tbat  secreted  by  Cowper's  glands  and  the  vesiculie  seminales.  It 
can  be  obtained  in  Us  pure  state  only  from  the  vasa  deferentia  and 
the  testes  of  animals  in  heat.  When  mixed  as  Just  stated,  it  is  a 
moootis,  viscid,  colorless  fluid,  considerably  heavier  than  water,  and 
of  a  neutral  or  slightly  alkaline  reaction. 

1.  The  liiuor  seminis,  a  great  part  of  which  is  derived  from  Cow- 
per'a  glands,  the  prostate,  and  the  vesiculae  seminales,  gelatinizes 
after  emission;  the  gelatinizing  substance  (spermatiue)  resembling 
mucus  more  than  fibrine. 

The  salts  most  abundant  in  it  are  the  phosphates  of  lime  and 
magnesia.  The  fnt  (p.  78)  exista  principally  in  the  cells  hereafter 
to  be  described.  Vauquelin  found  10  per  cent,  of  solid  constituents 
in  the  semen — viz.,  6  per  cent,  of  organic  matter,  3  of  earthy  phos- 
phates, and  1  of  soda. 

2-  The  peculiar  histologi- 
cal element  of  the  semen, 
the  apermatozoids'  (spermatic 
filaments),  are  the  most  sin- 
gular developments  in  the 
organism.  They  occur  in 
the  semen  of  all  animals, 
and  are  analogous  in  form 
in  all,  though  distinguish- 
able in  each  species,  as  a 
general  rule;  consisting  of 
n  round,  oval,  or  pyriform 
body,  to  which  a  long  fila- 
ment or  tail,  gradually  ta- 
pering toapoint,  is  attached. 

f>«,  mnimsl,  and  (71^,  rMemblance. 


Fig.  116. 
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(Fig.  116.)  In  the  human  sperraatozoid  the  body  is  from  ^^st  ^ 
,5'o5  of  an  inch  long,  and  from  ^7  Jon  to  bo'dd  "f  ^"^  •d'^'*  '"  width, 
and  the  filament  is  from  ojgtOaJjOfan  inch  long.  They  were 
formerly  regarded  as  infusorial  animalculse,  on  account  of  their 
active  motions,  the  tail  striking  rapidly  from  side  to  side,  and  pro- 
pelling the  body  in  a  zigzag  direction.  This  motion  may  be  re- 
tained a  long  time  if  the  semen  is  prevented  from  evaporation,  or 
if  placed  in  tepid  serum,  saliva,  or  mucus.  If  double  its  quantity 
of  water  is  added  to  the  semen,  the  power  of  motion  is  lost.  Urine 
very  soon  stops  the  movements.  In  the  interior  of  the  female 
sexual  organs  they  continue  longer  than  elsewhere.  Motion  is  also 
destroyed  by  a  solution  of  0|>ium,  by  alcohol,  by  strychnia,  and  by 
the  electric  spark,  though  not  by  galvanism.  Concentrated  solu- 
tions of  sugar,  albumen,  urea,  and  various  salts  re-escite  themoliona 
again.  Jf  destroyed  by  strychnia,  the  tail  remains  extended.  The 
spermatozoids  are  not  readily  destroyed  by  putrefaction,  and  may 
be  kept  for  years  as  microscopical  objects,  in  the  dried  state. 

The  seminal  granules  are  also  peculiar  to  semen,  and  within  them 
the  spermatozoids  are  developed.  Hence  they  are  aUo  called  apermo- 
tophori.  These  are  finely -granular,  pale, 
sharply-outlined  corpuscles,  from  ^jijo 
to  Yj'go  of  an  inch  in  diameter.  Fig. 
117  shows  the  development  wilhiu 
them  of  the  spermatozoids. 

We  also  find  in   semen   scattered 

^^^^^B^\  epithelial   cells,  cytoid   (mucus)  cor- 

^^^K^^^i)^.  puscles,  and  minute  fat-granulea;  nei- 

^^^K^bP^  ther  of  which  presents  any  peculiarity. 

^^^^^^^  The  recognkian  of  semen  is  often  a 

ph*«.  of  d.T»iopnieni  of  .ponoM^  matter  of  great  medico-legal  import- 
Tho\«ioo  eni^md  "row'na  •Hrmito^  ance.  A  microscopic  examination  will 
uid*.  e.  Tiie  iHier  oenrij  peifeoi,  bai    at  oucc  detect  the  spcrmatozoids,  their 

form  is  so  characteristic.  Urine  con-  < 
taining  semen  very  readily  becomes  alkaline.  Seminal  spots  (as  on 
linen)  bave  been  shown  by  Schmidt  to  differ  from  all  others.  The 
glistening  surface  of  the  spot  will  decide  on  which  side  of  the  linen 
it  is,  and  here  only  can  spermatozoids  be  found.  He  found  that 
seminal  spots  became  of  a  pale  yellow  color  when  kept  near  the 
fire  for  an  hour  or  two,  while  the  form  of  the  spermatozoids  is  nol 


Fig.  117. 
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changed.     Other  substances,  treated  in  this  way,  are  colored  green 
(as  vaginal  mucus),  or  are  not  changed  in  color. 

Origin  and  Uses. — The  spermatozoids  are  developed  within  the 
sperm atophori,  as  already  stated,  and  are  the  part  of  the  semen 
indispensable  to  impregnation.  The  spermatophori  are  probably 
developed  from  the  spermatine,  aa  cytoid  corpuscles  are  in  plasma, 
as  described  on  page  146.  Their  relation  to  the  seminiferous  tubes 
of  the  testis  will  be  explained  in  the  chapter  on  "The  Sexual 
Organs." 


m.  Gl^NDDLAB  SeCBKTIONS  DISCHARGED  INTO  THE  AlIMKNTABT 

Canal. 
1.  Saliva. 
Jiva,  as  obtained  from  the  oral  cavity,  is  a  mixture  of  the 
aecretiona  from  the  three  salivary  glands  with  the  mucus  of  the 
mouth.  It  is  a  cloudy,  viscid,  slightly  opalescent  fluid,  without 
taste  or  smell,  and  of  alkaline  reaction.  Its  spcciHc  gravity  varies 
from  1004  to  1006,  and  ita  solid  constituents  from  0.35  to  1  per  cent 

The  only  histological  elements  in  saliva  are  epithelial  cells  and 
cytoid  (mucus)  corpuscles;  neither  of  which  are,  of  course,  peculiar 
to  it. 

The  pure  saliva  varies  with  the  gland  secreting  it,  whether  the 
parotid,  submaxillary,  or  sublingual. 

The  secretion  of  the  parotid  gland  has  a  specific  gravity  of  1006 
to  1008.S,  is  clear  as  water,  and  without  color,  taste,  or  odor ;  and 
contains  1.4  to  1.6  per  cent,  of  solid  constituents.  It  contains  much 
chloride  of  sodium  and  of  potassium. 

The  secretion  of  the  stihmaxilliry  gland  resembles  the  preceding, 
bat  is  more  viscid,  less  strongly  alkaline,  and  has  a  less  specific 
gravity  (1004)  and  less  solid  residue  (0.805  per  cent.) ;  and  that  of 
the  ttihUngxtal  gland  is  the  most  viscid  of  the  three.  All  of  these 
secretions  contain  a  peculiar  organic  substance — »iUvine,ox  ptyaline 
(p.8S). 

Recent  experiments  pve  3  pounds  and  6J  ounces  (avoirdupois) 
as  the  average  quantity  of  saliva  secreted  by  adults  in  twenty-four 
hoors.  {Lehmann.)  The  quantity  is  increased  by  the  mastication  of 
dry  and  hard  alimentary  substances,  and  by  movements  of  the  jaw, 
whether  in  chewing,  speaking,  or  singing.  Acid,  aromatic,  and 
ptmgent  eubstauces  have  the  same  ef^L 
M 
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Iodide  of  potassium  is  always  found  in  saliva  after  the  u 
iodine,  aud  mercury  enters  it  in  case  of  mercurial  salivation.    It  is 
also  acid  in  certain  abnormal  states,  and  usually  so  during  fasting. 

Origin. — Saliva  is  secreted  by  the  epithelial  cells  of  the  minate 
subdivisions  of  the  ducts  in  the  three  salivary  glands. 

Uses. — The  mechanical  functions  of  saliva  are  fivefold : — 

1.  It  conduces  to  phonation  and  articulation,  by  securing  a  proper 
degree  of  moisture  of  the  tongue  and  oral  cavity. 

2.  It  aids  the  sense  of  taste. 

3.  It  cleanses  the  mucous  membrane  of  the  oral  cavity. 

4.  To  a  certain  extent  it  quenches,  or  rather  prevents,  thirst. 

5.  It  aids  in  mastication  and  deglutition,  and  carries  air  into  the 
stomach,  the  latter  being  inclosed  in  the  form  of  bubbles  during 
mastication.  Bernard  has  shown,  however,  that  it  is  the  parotid 
sectetion  which  prevents  thirst,  while  that  of  the  sublingual  is  auh 
servient  to  deglutition,  and  that  of  the  submaxillary  conduces  to 
the  perfection  of  taste. 

An  important  chemical  agency  has  also  been  attributed  to  saliva; 
the  power  of  changing  the  starch  of  the  food  into  sugar.  Bernard 
has,  however,  proved  that  only  mixed  saliva  has  this  effect,  and 
only  when  in  a  state  of  incipient  decomposition.  In  fact,  the  inBuence 
of  saliva  upon  starch  has  been  much  overrated;  the  pancreatic  and 
intestinal  fluids  being  the  principal  agents  for  the  conversion  of  the 
amylacea  into  sugar.  It  uornially  only  hydrates  the  starch  after  it 
arrives  in  the  stomach. 


2.  Bile. 

Bile,  as  obtained  from  the  gall-bladder,  is  a  viscid  fluid,  capable 
of  being  drawn  into  threads;  of  a  green  or  brown  color,  a  bitter 
taste,  and  a  peculiar  odor  (often  resembling  musk).  Its  specific 
gravity  is  about  1020,  and  it  is  usually  alkaline,  often  neutral,  and 
very  rarely  acid,  even  in  disease.  When  it  contains  much  mucus, 
it  putrefies  very  readily ;  when  nearly  free  from  it,  with  difficulty, 
or  not  at  all.  It  doubtless  always  contains  some  of  this  element, 
and  to  its  presence  the  viscidity  of  the  bile  is  due.  Pure  bile  has 
not  yet  been  analyzed. 

The  only  morphological  element  in  bile  is  the  conoidal  epithelial 
cell  of  the  gall-bladder  and  biliary  ducts. 

Bile,  as  usually  obtained  for  examination,  contains, on  the  average, 
14  per  cent.  (10.2  to  17.3)  of  solid  constituents;  90  per  cent,  of  these 
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^organic  matters,  and  10  per  cent,  mineral  substances.  It  be- 
comes more  conceutrated  by  a  prolonged  stay  in  the  gall-bladder. 

Tbe  organic  matters  in  bile  are — 1.  The  bile-pigment  (the  brown 
and  the  green)  already  described  (p.  101);  2.  Choleaterine  (see  p. 
75);  and  which,  with  fat  and  fat-acids,  form  27  to  30  per  cent,  of 
the  solid  residue. 

Among  the  mineral  constituents  of  bile,  the  chloride  of  sodium 
preponderates.  There  are  also  found  some  phosphate  and  carbonate 
of  soda,  phosphate  of  lime  and  magnesia,  and  traces  of  iron  and 
magnesiom. 

The  amouni  of  bile  secreted  in  twenty-four  hours  is  unknown. 
Bidder  and  Schmidt's  espcrimenta  on  the  lower  animals  would  lead 
to  ihe  conclusion  that  it  is  not  less  than  23  ounces'  in  the  case  of 
an  adult  man  weighing  140  pounds.  It  is  increased  by  animal 
food,  in  quantity,  and  at  the  same  time  in  density. 

Fat,  taken  in  abundance,  increases  it  also.  On  the  other  hand,  it 
is  considerably  diminished  by  the  carbonate  of  sodOy  and  by  febrile 
diseases.  Calomel  increases  it;  but  only  so  far  as  the  water  is  con- 
cerned— the  solid  constituents  remaining  the  eamc, 

Tbe  bile  is  constantly  secreted;  but  increases  about  three  hours 
after  the  reception  of  food,  and  so  continues  for  some  hours  afler- 
wanls.  AlW  prolonged  abstinence  it  is  reduced  to  one-fourth  the 
quantity  of  the  secretion  aflbrded  in  the  twenty-fourth  hour  after 
the  last  meal.  If  an  animal  is  fed  exclusively  on  fat,  no  more  bile 
is  secreted  than  during  fasting.  The  gall-bladder  empties  itself 
io  two  and  a  half  to  three  hours  after  taking  food. 

Origin. — There  can  be  no  doubt  that  the  bile  is  formed  in  the 
liver/  Not  one  of  its  constituents  exists  preformed  in  the  blood  of 
the  portal  vein ;  and  ictprus  does  not  occur  in  any  disease  which 
attacks  the  parenchyma  of  tbe  liver,  and  thus  entirely  suppreases 
the  secretion  of  bile.  The  epithelial  cells  lining  the  terminal  sab- 
divisions  of  the  hepatic  ducts  are  the  immediate  agents  of  the 
biliary  secretion.  Fig.  US  shows  KoUiker's  idea  of  the  relations 
(tf  these  cells  to  the  "parenchymal  cells"  of  the  liver  itself;  the 
dncta  directly  abuttihg  upon  the  latter,  as  he  believes;  aud  Fig, 
48,  the  aecreting  celts  when  isolated.     The  actual  structure  is. 


Todd  ftnd  Bownuui  estimate  the  qaantil^  at  54  < 
lenu  (t>t-  IT.  p.  480). 
pvrhapi,  the  pigment.     (Seep.  lOt.) 


I,  containing  2 
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however,  shown  by  Fig.  370,  anci  explained  in  the  seotion  apon 
the  liver. 


Fig.  119. 


The  suffor  formed  by  the 

liver  is  not  an  eleinent  of 
the  bile  (p.  70).  It  ia  found 

in  the   "parenchyma"  of 
the  liver,  and  ia  greatly 
increased  in  diabetes. 
[btlyib«b,,ml^\i^T^Thl''°l!^LlT^"br^e^rc{        Function. — Several  dis- 

lhBtnlorlohnUriln«w(no),in4IhaTii.eo]i.r«p«eM(oe).        tinct    functionS  have  beCTl 

ascribed  to  the  bile: — 

1.  It  neutralizes  the  acids  of  the  gastric  fluid,  when  the  conteots 
of  the  stomach  enter  the  duodenum.  The  latter  always  react  acid; 
but  it  is  to  the  qnickly  decomposing  acids  of  the  bile  that  the  acidity 
is  due.  It  also  precipitates  the  substances  dissolved  by  the  gastric 
fluid,  and  hardens  those  softened  by  it.  {Bernard.) 

2.  It  prevents  the  putrefactive  decomposition  of  the  contents  of 
the  intestine;  holding  them,  as  it  were,  in  statu  qvo  till  the  pan- 
creatic fluid  exerts  its  peculiar  action  upon  them. 

3.  The  power  attributed  to  bile  in  dissolving  fat  has  been  over- 
rated ;  though  it  cannot  be  wholly  denie(^  It  is  a  well  known  fact 
that  bile  removes  greasy  stains;  and  it  has  been  shown  that  fat 
passes  much  more  easily  through  membranes  saturated  with  bile 
than  through  those  moistened  with  water.  It  is  also  found  that 
2J  times  less  fat  la  absorbed  from  the  intestine  when  the  access  of 
bile  is  prevented.  The  influence  of  bile,  therefore,  in  aid  of  the 
absorption  of  fat  is  undoubted. 

4.  Finally,  bile  aids  in  securing  a  regularity  of  defecation,  from 
its  stimulating  effects  upon  the  muscular  coat  of  the  alimentary  caual. 

Pathological  Stales  of  the  Bile. 
Albumen   is  found  in  the   bile  in  the  embryonic  state,  some- 
times in  fatty  liver,  in  Bright's  disease,  and  in  cases  of  absoesa  of 
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the  liver.  The  albumen  is,  in  these  last  cases,  probably  due  to 
transudation. 

Urea  occurs  in  the  bile  in  uriemia,  and  therefore  principally  in 
cholera  and  Bright's  disease. 

The  solid  coustituente  are  usually  increased  in  the  bile  in  coses 
of  cardiac  affections  and  abdominal  diseases  which  produce  con- 
gestion in  the  large  veins;  and  in  cholera,  in  which  disease  all  the 
fluids  become  more  dense  from  the  loss  of  water. 

On  the  other  band,  the  bile  is  more  watery  after  violent  inflam- 
mations,  in  dropsical  affections,  typhus,  tuberculosis,  and  diabetes. 
In  these  conditions  the  amount  of  water  in  the  bile  seems  always 
to  be  in  a  certain  proportion  to  that  in  the  blood. 

Biliary  TOWTclibns  (chololithi)  are  of  three  kinds:  1.  Of  cbolea- 
terine,  inclosing  a  nucleus  of  pigment;  2.  Of  the  chalky  pigment 
alone;  3.  Of  pigment  with  lime;  of  a  dark  green  or  black  color, 
and  almost  free  from  cholesterine. 

The  regurgitation  of  bile  into  the  stomach  at  once  arrests  the 
action  of  the  gastric  juice  (p.  200). 

3.  The  Pancreatic  Fluid. 

This  secretion  is  colorless,  clear,  slightly  viscid,  tasteless,  and 
odorless,  and  presents  a  tolerably  strong  alkaline  reaction.  It  co- 
agulates on  being  heated.  Its  specific  gravity  is  variable;  the  con- 
centration standing  in  inverse  ratio  to  the  quantity  of  secretion 
afforded  in  a  given  time. 

The  pancreatic  fluid  transforms  starch  into  sugar  in  a  few  mi- 
nutes, and  decomposes  the  neutral  fats  into  glycerine  and  the  cor- 
responding fat-acids. 

About  seventy-eight  per  cent,  of  the  solid  residue  of  this  fluid  is 
the  organic  substance  peculiar  to  it — pancreatine  (p.  83), 

The  mineral  constituents  of  this  fluid  are,  principally,  chloride 
of  sodium,  phosphates  of  the  alkalies  and  earths,  sulphates  of  the 
alktliee,  and  carbonate  of  lime. 

The  quantity  of  the  pancreatic  fluid  is  not  accurately  known. 
Experitoents  indicate  that  it  varies  not  far  from  4J  ounces  in  twenty- 
four  hours  in  an  adult  man,  {Bidder  and  SchmtJl.)  It  is  independ- 
ent of  the  volume  of  the  pancreas,  and  attains  its  height  during 
the  period  of  digestion.  Ingestion  of  solid  food,  and  also  especially 
of  drinks,  augments  it. 

Ori'jin. — The  pancreatic  fluid  is  secreted  by  the  epithelial  cells  of 
the  ultimate  subdivision  of  the  duct  of  {Wiraung),  the  pancreas, 

Funrilon. — The  pancreatic  fluid  changes  starch  into  glucose,  the 
albDminous  elements  of  the  food  into  albuminose,  and  the  fatly  into 


Fig.  120. 
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an  emulsion  (Bernard) ;  the  last  being  absorbed  partly  by  the  lac- 
teals  and  partly  by  the  bloodvessels  of  the  villi,  and  the  first  two 
by  these  veasela  alone.  It  cannot,  however,  be  the  main  agent  in 
changing  the  fatty  elements  below  tho  jejunum;  since  it  is  changed 
or  reabsorbed  before  it  reaches  the  middle  of  the  small  intestine. 
The  intestinal  fiuid  supplies  its  place  in  this  respect,  through  the 
remaining  portions  of  the  alimentary  canal  (p.  201). 

I"V.  Urine. 
The  urine  ia  of  a  lighter  or  deeper  amber  color,  and  has  a  bitter 
saline  taste;  being,  while  still  of  the  temperature  of  the  body,  per- 
fectly clear  and  transparent,  and  of  a  pe- 
culiar faintly  aromatic  odor,  and  acid  re- 
action. Its  specific  gravity  never,  in  the 
normal  state,  rises  above  1030  {Lehmann), 
and  averages  not  more  than  1020. 

The  only  jnorphological  elements  nor- 
mally found  in  urine  are  epithelial  cells> 
and  more  or  less  cytoid  (mucus)  corpus- 
cles (Fig.  120);  these  being  accidentally 
present,  as  they  are  in  the  other  glandu- 
Mudw-cJDPusdf.  ind  6piihoiL&i      [^^   secretioua,   and   presenting   nothing 

peculiar. 
But  in  palhohgical  conditions,  a  variety  of  histological  elements 
may  be  found.  Of  these,  the  spermatozoids,  pus-  (cytoid)  corpus- 
cles, blood-corpuscles,  and  fibrinous  casts  of  the  tubuli  ariniferi,  are 
the  most  common;  to  which  may  be  added  cells  and  fibrinous  casts 
containing  fat-globules,  as  occurring  in  Bright's  disease;  and  the 
large  and  small  organic  globules. 

1.  Spermatozoids  (Fig.  11(3)  are  found  most  abundantly  in  the 
urine  after  pollutions  and  sexual  inter- 
course, and  are  not  to  be  referred  to  a 
pathological  state  except  in  some  cases 
of  spermatorrhcea. 

Pus  occurs  in  urine  (Fig.  121)  in 
cases   of  inflammation  of  the   bladder; 
but  the  pus-corpuscle  not  being  distin- 
guishable histologically  from  the  mucus 
corpuscles  (p.  I4f5),  needs  not  a  distinct 
notice  here.     Cytoid-corpuscles  abound  in  the  urine  in  case  also  of 
inflammation  of  the  kidney  and  the  prostate;  and  in  vesical  catarrh, 
so  called. 

3.  Blood-corpuscles  appear  ia  inflammation  of  the  kidney,  &c.;  in 
consequence  of  hemorrhage  from  any  part  of  the  urinary  passages. 


Fig.  121. 
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Their  form  is  changed  by  the  action  of  the  fluid  in  which  they  are 
found,  they  most  frequently  resembling  transparent  rings,  (Fig.  122.) 

4.  The  caaU  of  the  tubuli  uriniferi  are  bet- 
tle-ehsped  or  cylindrical  in  form,  and  resem- 
ble fine  hairs.  They  are  from  less  than  f  (g 
to  Jj  inch  long,  and  nfoa  '"*^h  in  diameter; 
and  present  three  varieties:  1.  Tho&e  consist- 
ing of  the  epithelial  coat  alone  of  the  urini- 
ferous  tabes.  These  are  observed  in  the  com- 
mencement of  Eright's  disease,  and  in  the 
desquamative  stage  of  erysijwlas  and  acarla- 
tuoL  2.  Those  consisting  of  recent  exuda- 
tion; generally  granular,  and  containing  more 
or  less  blood  and  puacorpusclea.  3.  Those  nrin., 
consisting  of  pure  coagulated  fibrin ;  resem- 
bling hyaline  tubes,  and  often  hard  to  recognize  on  account  of 
their  transparency.' 

5,  Fibrinous  casts  and  celU,  containing  fat-globules,  are  found  in 
Bright's  disease.  Figs.  123,  124,  and  379  represent  these  casts  and 
cells. 

Fig.  123.  Fig.  124. 


Fig.  123. 
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,  The  large  organic  gbbulea  (Fig.  125),  are  not  unfrequently  met 
ith  in  the  urine  of  pregnant  women.    They  appear  to  he  merely 


-the  detached  basemen t'meiabmie 
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&  larger  kind  of  eytoid  corpuscle  than  those  of  mucus  or  [ 
They  are,  moreover,  not  attended  by  the  viscid  aud  the  albumiaoi, 
fluid  which  respectively  characterize  mucua  aud  pu3.  (J'.  E.  Bqh 

The  small  organic  globules  (Fig.  126)  are  far  more  rarely  founi 
They  are  spherical,  smooth  externally,  and  not  granular  within: 
are  unaflected  by  acetic  acid,  and  are  much  smaller  than  the  pre- 
ceding. 

To  these  histological  elements  may  be  added  a  thread-like /unjiM 
(oonfervoid),  called  the  torula.  (Fig.  127.)  These  threads  are  made 
up  of  cells  jg'ao  to  j^'go  of  an  inch  in  diameter.  It  occurs  in  de- 
composed urine,  whether,  as  iu  vesical  catarrh,  decomposition  c"""'^ 

Fig.  127.  Fi({.  128. 


■Dd  two  apLtlieUil 

B  in  the  bladder,  or  afler  its  emiaaion.    Another  kind  of  f 
goid  vegetation  occurring  in  urine  is  seen  in  Fig.  128,  in  connectiot 
with  crystals  of  oxalate  of  lime. 

""   *         .nd  monads  also  appear  in  decomposed  urine;  and  the 

Fig.  139. 
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sarcina  ventricuU  of  Goodsir  has  frequently  been  found  in  it. 
129.) 


In  ehemicat  compontwn  1000  parts  of  urine  consist  of  933  to  972 
parts  of  water,  holding  67  to  28  parts  of  solid  matters  in  solution. 


The  following  analyses  by  Lehmaun 
pioportioaB  of  each  elcmont  :- 


.  Bccquerel,  present  the 


W»ter 


.  937.682 


(Solid  constitoents  62.318) 


Urea 

Uric  acid  . 
IaoUc  »cid 
Extractive  matters 
Lactates     , 
Chlorides  of  sodium 

and  Ammonium 
Alkaline  sulphates 
Phosphate  of  soda 
Pho^hates   of  lime 

and  magnesia 
Mucus 


31.450 
1.021 
1.496 

lO.liSO 
1.897 

3.646 

7.314 
3.765 


Beoqaarel. 
971.935 


12.102 
0.398 


Other  organic 
matters 


s-i, 


Sulphuric  acid  . 
Phosphoric  acid 
Potash 

Soda,  lime,  and 
magnesia 


0.855 
0.317 
1.300 


3.944 


It  will  be  noticed  that  Lehmann  found  nearly  twice  the  amount 
of  solids  obtained  by  Becquerel,  and  about  2J  times  as  much  urea 
and  uric  acid.  Berzelius  and  Marchand  agree  in  all  these  respects 
very  nearly  with  the  former,  and  Simon  and  Dr.  Miller  with  the 
latter.  Of  course  the  composition  of  the  urine  varies  with  its  spe- 
cific gravity,  and  to  this  fact  the  disparity  is  doubtless  due.  Dr. 
Christison  constructed  a  table  showing  the  amount  of  solid  con- 
stituents in  urine  of  diBerent  specific  gravities,  which  proves  that 
the  former  increase  very  rapidly  with  slight  increments  of  the 
latter.  E.^.  with  a  specific  gravity  of  1012,  the  solids  are  27.96 
in  1,000;  while,  if  the  former  be  increased  to  1030,  the  latter  are 
69.90.  If  we  look  at  the  urea  aIon«,  we  also  find  a  rapid  aug- 
meatation  as  the  specific  gravity  increases.  If  the  specific  gravity 
is  1013.5,  only  15  parts  in  1,000  are  urea;  while,  if  tlie  former  be 
1027,  there  will  be  37.6  of  urea — or  just  2J  times  as  much.  {Leh- 
moiin.)  To  reconcile  the  analyses  of  Lehmann  and  Becquerel,  we 
have  therefore  only  to  suppose  that,  while  the  specific  weight  iu  the 
latter  was  actually  1017.01,  in  the  former  it  must  have  been  at  least 
1025.  But  the  Feeulta  obtained  by  Becquerel  are  the  more  valuable 
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in  practice,  since  the  specific  gravity  averages  not  more  tbaB  1020, 
and  is  generally  rather  lessHbau  this,  according  to  most  writers. 

Of  all  the  constituents  in  solution  in  the  urine,  urea  is  the  most 
important.  Its  proportional  as  well  as  its  absolute  amount  varies 
eitremely,  the  kind  of  food  having  a  great  influence  in  this  respect 
(p.  69),  An  increased  secretion  of  water  is  also  accompanied  by 
an  increased  amount  of  urea,  in  the  twenty-four  hours.  E.g.]i 
1,000  grains  of  urine  be  secreted  in  twenty-four  hours,  33  grains 
are  urea;  if  2,000  grains,  about  42  grains  of  urea;  and  if  3,000 
grains  of  urine,  about  50  of  urea.  Of  course  the  specific  gravity 
will  be  lowest  in  the  last  case,  so  that  the  amount  of  urea  in  one 
thousand  parts  of  urine  will  be  least  of  all.  It  has  been  eeen  thai 
the  urea  is  derived  directly  from  the  nitrogenized  elements  of  the 
food  and  of  the  decomposed  tissues  (p.  69), 

Of  vric  acid,  from  7.7  to  13.9  grains  are  excreted  in  the  urine, 
by  an  adult,  in  twenty-four  hours.  Its  amount  depends  leas  on  the 
kind  of  food  taken  than  on  tlie  internal  conditions  of  the  organism 
(p.  64). 

Creatine  and  creatinine  (pp.  67,  68)  are  normal  constituents  of  the 
urine,  but  thoir  amount  has  not  been  determined. 

Formic  acid  is  sometimes  found  in  healthy  urine,  in  very  small 
quantities.     Sippuric  acid  is  hardly  more  abundant  than  the  uric. 

Lactic  acid  is  not  found  in  normal  urine,  but  at  once  occurs  in 
those  states  of  the  organism  in  which  the  process  of  oxidation  is 
interfered  with  (pp.  60,  66). 

The  chlorides  of  sodium  and  potassium  are  very  abundant  in 
urine.  An  adult  secretes  about  162  grains  of  chlorine  in  twenty- 
four  hours.  They  greatly  diminish,  or  even  entirely  disappear,  in 
diseases  accompanied  by  copious  exudations — as  in  acute  dropsy, 
acute  Bright's  disease,  acute  tuberculosis,  in  violent  diarrhoeas,  cho- 
lera, typhus,  and  pneumonitis. 

The  sulpliates  are  found  in  variable  quantities.  An  adult  ave- 
rages 31.4  grains  of  sulphuric  acid  in  twenty-four  hours.  They 
are  increased  only  by  violent  bodily  exercise  (as  in  convulsions  and 
delirium  tremens),  and  in  high  mental  excitement. 

The  acid  phosphate  of  soda  (p.  57)  is  the  principal  source  of  the 
acid  reaction  of  the  urine.  The  phosphates  of  lime  and  magnesia 
are  also  found  in  considerable  amount,  and  in  the  proportion,  on  an 
average,  of  15  to  7.  An  adult  discharges,  on  an  average,  49.4  to 
80.2  grains  of  phosphoric  acid  in  twenty -four  hours,  and  15.4  grains 
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of  eartliy  phosphates.  The  phosphates  increase  after  taking  nitro- 
genized  food,  and  in  acute  affections  of  the  nervous  substance — e.  g. 
in  encephalitis  (p.  49), 

It  eometiniea  occurs,  in  the  last  months  of  pregnancy,  that  no 
limo  at  all  is  secreted  in  the  urine;  there  being  little  or  none  in  the 
blood  also,  as  will  be  shown  (Chap.  VII). 

Traces  of  iron  and  silicic  acid  are  usually  found  in  urine ;  and 
giuet  are  also  dissolved  in  it,  especially  carbonic  acid  and  a  little 
nitrogen. 

Some  substances — alimentary  or  medicinal — pass  unallered  into 
the  urine.  These  are  such  as  are  easily  soluble  in  water,  and  do 
not  form  insoluble  compounds  with  the  constituents  of  the  body; 
and  which  are,  moreover,  not  readily  oxidizable  or  decomposable. 
Thus  the  nitrates,  carbonates,  chlorates,  borates,  and  silicates  of  the 
alkalies,  and  the  chlorides,  bromides,  and  iodides  of  potassium  and 
sodium,  pass  unaltered  into  the  urine ;  while  sulphurct  of  potassium 
\a  oxidized,  and  appears  iu  the  urine  as  sulphate  of  potassa.  All 
the  salts  of  the  metals  pass  into  the  urine  unchanged,  only  when 
taken  in  large  quantities;  since  they  form  insoluble  compounds 
with  animal  matters,  especially  with  albumen.  Mannite,  quinine, 
&e.,  are  fully  oxidized  into  carbonic  acid  and  water.  Most  of  the 
organic  acids,  as  well  as  sulphocyanide  and  ferrocyanide  of  potas- 
fflum,  reappear  in  the  urine  unchanged.  Tannic  acid  is,  however, 
converted  into  gallic,  benzoic  and  cinnamic  into  hippuric,  uric  acid 
into  urea,  and  oxalic  acid  into  carbonic  acid  and  water.  The  neu- 
tral salts  of  the  alkalies,  with  the  vegetable  acids,  reappear  in  the 
orine  as  carbonates;  and  hence  the  urine  speedily  becomes  alkaline 
after  their  reception.  Urea  passes  unchanged  into  the  urine.  Co- 
loring or  odoriferous  matters  generally  pass  unchanged  or  slightly 
modified.  The  following,  however,  do  not  reappear,  viz :  camphor, 
resin,  inflammable  oil,  musk,  alcohol,  ether,  cochineal,  litmus,  chlo- 
rophyl,  and  the  coloring  principle  of  alkaneL 

The  rapidity  with  which  diflerent  substances  appear  iu  the  urine 
raries  much.  Iodide  of  potassium  often  appears  after  four  to  ten 
minutes. 

The  following  aimormal  constituents  may  appear  in  the  urine  in 
pathological  conditions,  viz:  albumen,  fibrine,  cascine(?),  fat,  sugar, 
aboormal  pigments,  biliary  acids,  bile-pigment,  xanthine,  cystine, 
carbonate  of  ammonia,  sulphuretted  hydrogen,  butyric  actn,  and 
muDoniacal  salts. 
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Sugar  is,  however,  normally  present  in  the  urine  daring  prei^- 
nancy,  and  of  nursing  women  ;  always  in  the  latter,  and  in  one-half 
the  cases  of  the  former.  Its  amount  varies  from  1  to  12  grains  in 
1,000  of  urine;  it  being  more  abundant  as  the  milk  is  more 
abundant  and  rich.  {M.  Blot.) 

AHujnen  may  appear  in  the  urine  in  any  case  in  which  there  is 
congefition  of  the  kidney,  or  a  too  watery  condition  of  the  blood; 
its  presence  being  due,  doubtless,  to  a  mere  transudation,  and  not  to 
a  modified  action  of  the  secreting  cells.  Hence  albuminuria  is  by 
no  means  peculiar  to  Bright's  disease,  but  occurs  also  in  the  course 
of  fevers,  in  renal  catarrh,  in  cases  of  disease  of  the  heart  or  lungs, 
or  tumors  of  the  abdomen,  and  frequently  in  dropsy.  FaC  appears 
in  the  urine  after  taking  fatty  food,  though  rarely.  Isolated  tat- 
globules  are  sometimes  seen  in  cases  of  rapid  emaciation;  also, 
either  free  or  in  the  tubular  casts,  in  Bright's  disease.  Amimmia 
salts  are  found  in  the  acid,  and  especially  in  the  alkaline  fermentation 
of  the  urine.  In  acid  pathological  urine  the  occurrence  of  ammonia 
is  not  unusual — as  in  typhus,  measles,  and  scarlatina.  Ammonia  is 
almost  always  contained  in  alkaline  urine;  for  tbe  alkaline  reaction 
depends  either  primarily  on  ammonia  formed  by  the  decomposition 
of  urea  (especially  in  vesical  catarrh),  or  upon  carbonates  of  the 
alkalies,  which  soon  decompose  the  urea. 

The  quantity  of  urine  secreted  in  twenty-four  hours  varies  ex- 
tremely, the  two  most  important  factors  bearing  on  it  being  the 
mechanical  conditions  for  the  passage  of  urine  through  the  kidneys, 
and  the  condition  of  the  blood.  {Ldimann)  An  adult  male  excretes 
from  ITj  ounces  to  112J  ounces  in  twenty-four  hours;  averaging 
between  38J  ounces  and  48J  ounces.  The  adult  averages  40.13 
grains  to  1,000  grains  of  his  weight;  a  child,  72.5  graina  The  dif- 
ferent proportions  of  water  account  in  great  part  for  the  variations 
above  mentioned  in  the  quantity  of  urine;  but  the  solid  constituents 
are  also  liable  to  considerable  variation,  an  adult  discharging  from 
IJ  ounces  to  2|  ounces  in  twenty-four  hours.  They  are  increased 
by  exercise,  and  diminished  by  sedentary  habits.  Moreover,  if  tbe 
blood  is  poor  in  albumen  anil  abundant  in  salts  (as  in  Bright's  dis- 
ease), the  solid  constituents  are  diminished.  The  mineral  constitu- 
ents also  vary  greatly ;  between  108  and  355  grains  in  twenty-four 
hours — averaging  231.5  grains,  or  nearly  half  an  ounce.  The  urine 
of  women  is  richer  in  water  and  poorer  in  salts  than  that  of  men; 
and  especially  during  pregnancy.  Hence  the  formation,  in  the 
latter  condition,  of  the  pellicle  improperly  called  h'esleine,  in  the 
manner  already  explained  (p.  89). 

Origin. — Urine  is  directly  eliminated  from  the  blood  by  the  epi- 


I'of  the  tipiniferou3  tubes. 
doubtless 


Y  mere  trans- 
udi/vm  into  the  uriai- 
feroas  tubes  from  the 
vesaels  which  form  the 
Malpigbiao  tufU  or  bo- 
dies. Hence  increased 
preasare  of  blood  in  the 
finer  renal  vessels  causes 
increased  separation  of 
water  and  of  the  solids, 
especially  the  salts.  If, 
on  the  other  hand,  the 
arterial  and  capillary 
tension  is  diminished, 
the  secretion  is  also  di- 
minished. It,  however, 
by  DO  means  follows,  as 
Lehmann  implies,  that 
the  secretion  of  urine  is 
a  mere  physical  pheno- 
menon, dependent  upon 
the  fact  that  the  blood 
undergoes  compression 
while  in  the  vessels  of 
the  Malpighian  tuHs. 
The  more  characteriatio 
elements  of  the  arine 
are  separated  by  a  vital 
action  of  the  epithelial 
cella,  and  hence  their 
amount  in  twenty-four 
hours  is  more  nearly 
constant  in  health ;  while 
a  great  jtart  of  the  water, 
and  of  the  salts  proba- 
bly, when  in  excess  in  , 
ihe  blood,  are  separated  ; 
from  the  Utter  by  trans- 
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udation  merely.  Fig.  130  shows  the  relations  of  ihe  urioifeFom 
tubes,  arterial  branches,  and  Malpighian  tufta  in  a  section  of  the 
kidney  ;  and  Fig.  131  shows  two  tufts,  with  their  afferent  and  effe- 


Pig.  131. 


Fig.  132. 


Fig.  131.  Bel»UoB  of  MklptibUn  loTM  to  Ibo  v.«p|.,    a.  Bmneh  of  lh«  n 
VH»I.     m.m,  Ualplghliu  lalu.     tf.  ^.  Effecant  TBuelt.     p   %ucu1k  plaxaa  r 
tabes.    «r.  Blnlgbl  talw.    ti,  Conrolulcd  tubs.    (UngntBoa  >baol  30  dUmeMn.) 

Fig,  \^L  V.tiMtnta  Inlw  aod  ttii  apllliellkl  lining.  ^  Parllan  of  ■  sMrodDg  mba  frnn  Uui  hi. 
tlMl  inbEUnu  of  tbii  kldncjr.    i.  Tbn  Epllhillum  or  glind-olli,  mora  bl«lilr  sugiilllcd  (Trn  tlna) 

rent  arteries.  Fig.  132  shows  a  uriniferous  tube  with  its  epithehal 
lining,  and,  at  B,  a  few  cells,  derived  from  its  interior,  of  the  aoalj 
epithelium  by  which  the  true  urine  is  secreted. 

Uses. — Uriue  is  merely  an  excretion,  i.  e.  it  conaiata  essentially 
either  of  effete  elements  resulting  from  the  disassimilalion  of  iht 
tissues,  or  of  others  existing  in  the  blood  in  excess — the  incessant 
removal  of  which  is  essential  to  the  health  of  the  organism. 

Urinary  Deposits. 

Though  normal  urine  is  perfectly  clear  and  transparent  when 
first  emitted  from  the  bladder,  solid  matters  soon  appear  in  it,  form- 
ing a  pellicle  on  its  surface,  or  a  sediment ;  and  which  are  called 
urinary  dejtosits.  These  are  quite  numerous,  as  found  in  Tarioos 
normal  and  abnormal  conditions,  and  may  be  divided  into  two 
classes:  1,  histological  elements;  2,  crystalline  subatances  of  mine- 
ral and  organic  origin, 

I,  The  histological  elements  have  been  specified  at  the  commence- 
ment of  this  section,  these  being  of  course  all  suspended  in  the 
urine  while  it  is  stUl  in  the  bladder,  viz: — 


fly  epithelium.     (Fig.  132.) 

2.  Mucus  and  pus  (cyWid),  corpuBcles.    (Figs.  120  and  121.) 

3.  Blood-corpuscles.     (Fig.  123.) 

4.  AlbumcD.     Heat  and  nitric  acid  solidify  it,  and  make  it  appa- 

rent (p.  86). 

5.  Fibrinous  casts  (three  Torma),  together  with  fat-globules.  (Figs. 

123,  124,  and  37&.) 

6.  Organic  globules  (two  kinds).     (Figs.  125  and  12ti.) 

7.  Spermatozoids.    (Fig.  116.) 

8.  Fungi  (two  kinds).     (Figa.  127,  128.) 

9.  Sarcina  ventriculi.     (Fig.  129.) 

n.  The  crystalline  (except  carbonate  of  lime)  deposits  of  mineral 
origin: — 

1.  Chloride  of  sodium,    (Figs.  1  and  2.) 

2.  Triple  phosphate.     (Figs.  6  to  9.) 

3.  Carbonate  of  lime  (usually  amorphous).     (Fig.  3.) 

Those  of  organic  origin,  and  their  compounds  with  mineral  sub- 


1.  Urea.    (Fig.  37.) 

2.  Uric  acid  (variocw  forms).     (Figs.  11  to  19.) 

5.  Urate  of  soda.     (Fig.  22.) 
4.  Cyatine.    (Fig.  88J 

6.  Hippuric  acid.    (Fig.  25.) 

6l  Oxalate  of  lime  (various  forms).     (Figs.  26  to  31.) 

Urinary  Concrttions.  {Vesical  ami  lieua  I  Calcuh'.) 
Calculi  in  the  bladder  and  kidneys  arc  formed  by  precipitation 
of  the  solids  in  solution  in  the  urin«,  around  a  nucleus,  so  called. 
This  is  sometimes  a  foreign  body  introduced  into  the  bladder  from 
without;  and  sometimes  a  particle  of  mucus  or  other  animal  sub- 
stance (and  still  oflener  uric  acid),  formed  within  it.  In  either 
caae,  as  soon  as  the  nucleus  is  formed,  the  mineral  constituents  of 
the  urine  may  be  precipitated  around  it,  and  thus  a  calculus  is  con- 
oentricully  formed.  The  composition  of  the  calculus  will,  of  course, 
depend  upon  the  constituents  precipitated;  and  very  frequently  it 
luppens  that  the  concentric  layers  are  formed  of  diOerent  sub- 
stances. Such  are  termed  aUemaiing  calculi;  and  they  alone  de- 
monstrate the  incorrectness  of  the  doctrine  of  diatheses — as  the 
uric  acid  diathesis,  the  phosphatic  diathesis,  Ik.    ^Fig.  84.) 

Calculi  found  in  the  bladder  may  be  first  formea  in  the  substance 
of  the  kidney.  Calculi  are  also  formed  in  the  prostate  gland  (p. 
54);  but  these  are,  of  course,  not  coDcrctions  from  the  urine. 

The  following  abstract  shows  the  composition  of  853  calculi  in 
Guy's  Hospital;  and  of  78  in  the  Museum  of  the  Transylvania 
University ;  the  hist  having  been  examined  by  Dr.  Peter.' 

■  B[rd  OD  UrittAij  DeposiU,  i>p.  321-23. 
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Nuclei  of  uric  acid 

urate  of  soda 
"        lime 
uric  oxide 
cystine 
oxalate  of  lime 

(lime      2 
phosphates  I  triple     1 
(  mixed  19 
foreign  substances 
Mixed  calculi 


(C 

u 
a 
a 

(C 


TraiiB.  Univ. 

32 
26 


2 

7 
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The  hodiea  were  composed  of — 

Uric  acid  (Figs.  20,  21)  in 
Urates  of  soda,  &c.    (Fig.  28.) 

Cystine 

Oxalate  of  lime.    (Figs.  82,  83.) 
Triple  phosphate.    (Fig.  10.)     . 
Phosphate  of  lime     . 
Fusible  mixed  phosphates 
Carbonate  of  line 

The  crust  was  composed  principally  of — 
Uric  acid  in 

Urate  of  soda 11  j 

Cystine 11 

Oxalate  of  lime         ....      11 
Triple  phosphates      ....      14 
Phosphates  of  lime    . 
Fusible  mixture  of  phosphates 
Carbonate  of  lime 


47 
186 
12 
26 
14 
12 
41 
1 


40 


(mixed) 


4 
78 


34 
2 
2 

16 
4 

66 


34 


with       )  2 
phosphates  f 
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19  (mixed  do.)     37 

27 
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The  frequent  occurrence  of  uric  acid  as  a  nucleus  in  the  preced- 
ing calculi  is  remarkable  (p.  63);  and  Lehmann  states  that  a  trace 
of  uric  acid,  if  nothing  more,  may  always  be  detected  in  the  nu- 
cleus of  the  concretion  (Vol.  II.  p.  124).  Scherer  maintains  that  it 
is  an  acid  fermentation  of  the  mucus  in  the  urine,  which  leads  to 
the  first  precipitation  of  the  uric  acid,  and  therefore  mucus  must 
be  first  present  and  form  a  part  of  the  nucleus.  Mere  irritation  of 
the  blaader  may  produce  an  abnormal  mucus,  and  thus  become  the 
first  step  towards  the  foundation  of  the  nucleus.  An  alkaline  fer- 
mentation of  the  urine,  on  the  other  hand,  leads  to  the  deposition 
of  the  phosphates  (as  in  paralysis  of  the  bladder,  &c.);  and  hence 
calculi  may  present  the  alternating  layers  (Fig.  84),  already  de- 
scribed. 
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V.  The  Laohbtmal  Fluid. 
The  lachrymal  fluid  is  a  clear,  tmnaparent  fluid,  the  prlDcipal 
elements  of  which  are  water,  common  salt,  and  aa  organic  com- 
poand  called  by  some  chemists  lackrymine.     Any  mucus-corpus- 
cles or  epithelial  cells  i 


come  from  the  mucous  mem- 
brane of  the  eyelids. 

Origin. — This  fluid  is  se- 
creted by  the  epithelial  cells 
ot  the  ci»ca  of  the  lachrymal 
gland.     (Fig.  133.) 

€'fe. — The  lachrymal  fluid 
lubricntes  tlie  eyeball,  and 
ihus  diminishes  friction  be- 
tween it  and  the  eyelid.  In 
case  of  copious  weeping, 
much  of  the  fluid  is  merely 
a  transudation,  mixed  with 
the  secretion  of  the  lachry- 
mal gland. 


Fig.  133. 
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CHAPTER  IV. 


THE   CDTANE0U3   SECRETIONS 


Ths  secretions  of  the  skin  are  two ;  the  sebaceous  secretion  and 
the  perspiratory. 

I.  Thk  Sebaceous  Secretion. 
"his  is  secreted  by  the  sebaceous  follicles  (glands),  situated  in  the 
Bobstance  of  the  conum  of  the  skin.     The- Meibomian   and    the 
ceruminous  glands  also  belong  to  this  class. 

The  secretions  of  all  these  glands  are  by  no  means  precisely 
identical  In  all  of  them,  epithelial  cells  may  be  found  as  a  mor- 
phological element;  the  scaly  colls  of  the  skin  oHea  predominating 
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oyer  the  conoidal  ones  from  the  interior  of  the  follicle.  In  the 
Meibomian  secretion  and  the  oenimen,  poculiar  oval,  angular,  or 
roundish  cells  are  found,  from  njigj  to  jb'bo  of  an  inch  in  diameter, 
containing  a  pale  nucleus  and  nucleoli,  with  minute  dark,  sharplv 
defioed  granules,  and  a  few  fat-globules. 

When  in  a  state  of  inilamraation,  the  sebaceous  roUioles,  like  the 
.  Mere  irritation  may  also 
give  rise  to  them.     They 


mucous,  produce  (cytoid)pus 
Fig.  134. 


seen  in  casea  of 
inflammation  of  the  exter- 
na! auditory  passage,  and 
of  the  Ateibomian  glands, 
in  balanitis,  and  in  acne; 
there  being,  in  these  cases, 
also  an  exudation  in  which 
the  cytoid  corpuselea  are 
developed.  The  parasil* 
called  acams  foUiculorum 
ia  often  found  in  the  nor- 
mal secretion  of  the  seba- 
ceous follicles.  (Fig.  134.) 

iheir  onltDiry  po'fUon  In  Iha  griOeo  of  nno  of  llie  lehi^  The  fluid  pOrtlOU  of  thcSC 

wQo.  fgiiioiM  of  iho  .«ip.  ft.  BhotiT.rii!ij.  c.  Long  secFCtions  Contains  an  albu- 
minouB  substance  not  yei 
accurately  recognized.  But  fat  and  lipoids  constitute  the  principal 
part  of  them.  It  constitutes  47^  per  cent,  of  the  vernix  caaeosa 
of  the  full  grown  fcetus  {Leh-ntann),  and  52.8  per  cent,  of  the  smegma 
of  the  human  prepuce,'  It  has  been  ascertained  that  the  liquor 
amnii  contains  most  fat  at  the  end  of  pregnancy;  it  being  derived 
from  the  sebaceous  follicles  of  the  fcetus.  In  the  vernix  caseosa 
many  hairs  are  always  to  be  found;  this  tissue  being  intimately 
associated  with  the  sebaceous  follicles,  as  will  be  shown.  The  mar- 
garates  and  oleatea  of  potash,  soda,  and  ammonia  are  also  elemenln 
of  these  secretions.  Cholesterine  ia  found  in  the  smegma  prajpotii, 
and  a  substance  very  similar  to  it,  but  not  crystallizable,  in  vernix 
caaeosa.  Berzelius  found  a  peculiar  fatty  substanos  in  the  ce- 
rumen. 

The  sebaceous  follicles  are  always  situated  close,  or  very  near,  to 

'  KSlllker  B99ert9  that  the  Butej^msL  prrnimtii  ia  formed  almost  eselniivtlj  of 
tb«  epiUielikl  oells  of  tlie  prepaco.     (Bm  Chapter  S.) 
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the  hftir  follicles,  and  often  open  into  tbem;  except  tbat  on  the 
nj^mphte  and  the  glana  penis,  and  on  the  inner  surface  of  the  pre- 
puce, these  follicles  exist  while  hairs  do  not.  (Fig.  135.)  Vauqueliu 
examined  the  fat  of  human  hair,  and  found  it  oleagiaous,  colored, 
and  containing  sulphur. 

The  mineral  constituenta  of  these  secretions  are,  a  little  chloride 
of  aodium  and  hydrochlorate  of  ammonia,  with  phosphate  of  am- 
monia and  soda.  Earthy  phosphates  are,  however,  more  abundant: 
the  vernix  caseosa  contains  6.5  per  cent,  and  the  smegma  praaputii 
9.7  per  cent. 

Of  uxUer,  the  vernix  caseosa  contains  from  66.98  to  77.87  per 
cent.  In  the  sebaceous  secretions  atler  birth  it  must  be  constantly 
varying  with  the  hygrometric  and  thermometric  states  of  the  sur- 
rounding air. 

The  castoreum  used  as  an  antispasmodic  is  merely  the  smegma 
from  the  preputial  folds  of  the  penis  and  the  clitoris  of  the  beaver 
Canadian  castor  contains  5.8  per  cent,  of  albuminous  matter,  8.24i< 
of  fatty  matters,  and  41.34  of  resinous  constituents.  {Leiimann.) 

Origin. — The  sebaceous  secretions  are  secreted  by  the  epithelial 
cells  of  the  various  forms  of  sebaceous  glands.     Figs.  135, 136,  and 


137  show  the  forms  of  the  simple  sebaceous  follicles  of  the  skin, 
aatl  the  Meibomian,  and  the  ceruminous  glands. 


Functions. — The  sebaceous  secretion  diminiahes  the  tendency  to 
evaporation  from  the  hair  and  the  epidermis;  and  thus  prevents  the 
drying  up  of  the  deeper  layers  of  the  epidermis,  and  consequenlly 
of  the  corium. 

The  Meibomian  fluid  prevents  the  lachrymal  fluid  from  flowing 
directly  over  the  lids,  from  the  conjunctiva;  and  the  cerumen  both 
secures  a  proper  moisture  of  the  auditory  passage,  and,  by  ita  nau- 
seous odor,  deters  insects  from  entering  it. 


11.    PERSflRATION. 

True  perspiration  (sweat)  ia  the  fluid  secreted  by  the  perspiratory 
glands,  which  are  situated  beneath  the  skin,  in  the  subcutaneous 
areolar  tissue.  They  are  delicate  tubes,  forming  twisted  coils  at 
their  commencement,  from  which  they  pass  in  a  vertical  direction 
through  the  corium  of  the  skin,  aud  in  a  spiral  or  cork-screw  man 
ner  through  the  epidermis,  to  open  upon  the  surface  of  the  latter 
with  a  somewhat  contracted  mouth.  Fig.  138  represents  one  ol 
these  glandular  coils,  with  a  part  of  its  duct. 

Sweat,  as  collected  on  the  akin,  is  a  colorle.=i3,  very  watery  floid, 
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with  a  saltish  taste  and  inoro  or 
less  inteose  odor,  and  generally 
presenting  a  weak  acid  reaction. 
The  sweat  from  the  axillre  and  the 
Teet  is,  however,  often  found  to  be 
alkaline. 

Tliere  are  no  morphological  ele- 
ments in  sweat,  except  the  scaly 
epithelial  cells  of  the  skin,  which 
are  accidentally  present. 

The  solid  constituents  of  sweat 
prol>ably  do  not  exceed  1.25  per 
oenu;  Favre  snya  .443  per  cent, 
only.  Of  the  solid  constituents,  ,^™'^l'''crpiMu^'riMo.''"p.«u.d7rttt 
chloride  of  sodium  is  the  most  u>e «ik"1,  "H  ruu*  fron  •««»« -Mdi  »i» 
abundant.     The  salts  of  ammonia 

are  also  present  in  it.  Earthy  phosphates  and  a  little  peroxide  of 
iron  are  also  present,  but  these  are  probably  derived  from  the  epi- 
thelial eella  in  the  fluid, 

The/a(  in  the  sweat  may  probably  be,  in  great  part,  derived  from 
the  sebaceons  follicles.  But  Krause  lias  found  that  the  sweat-glands 
also  secrete  fax,  to  some  extent.  Lehmann  has  proved  that  it  con- 
aiae  butyric  acid. 

Sweat  also  contains  the  acetic  and  formic  acida  {SchotUn),  and  the 
lactic  {Favre),  and  a  sulphurous  matter  (Lehmann).  Urea  ia  also  a 
normal  constituent.  (Favre.)  The  thin  bluish  layer  sometimes  found 
im  the  bodies  of  persons  who  have  died  of  cholera  is  a  fine  powder, 
composed,  for  the  most  part,  of  urea.  Certain  pigments  sometimes 
occur  in  sweat,  especially  that  of  the  bile  in  cases  of  icterus. 

It  has  also  been  demonstrated  that  gases,  especially  carbonic  acid 
and  nitn^n,  are  given  oft"  in  the  liquid  secretion  of  the  sudoripa- 
roos  glands,  and  these  must  not  be  overlooked  in  determining  the 
ruoetioos  of  the  skin.  The  carbonic  acid  predominatoa  in  case  of 
a  Tegetable,  and  the  nitrogen  of  an  animal,  diet.  But  less  gas  is,  on 
the  whole,  given  ofi'  when  the  perspiration  is  active,  as  after  brisk 
exercise. 

The  amount  of  perspiration,  in  twenty-four  hours,  averages,  in 
caae  of  an  adult  man,  not  far  from  25J  ounces.  ( VahUin.)  Krause 
calculated  2o,''(  oances  of  water,  i  ounce  of  organic  and  volatile 
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matters,  and  38  grains  of  miaerul  Bubstancea,  An  adult  man,  in  s 
vapor-batb,  loses  |  ounce  of  sweat  in  a  minute.  [Lehmaim.) 

About  412  cubic  inches  of  carbonic  acid  gas  are  excreted  from 
tbe  skin  of  a  full-grown  man,  in  twenty-four  hours,  and  a  little  lees 
than  one-half  as  much  nitrogen.  {Abernethy) 

Origin.- — It  has  already  been  shown  (p.  181)  that  a  IransudeUkin  is 
conatantlj  occurring  upon  the  surface  of  the  skin,  as  a  mere  phy- 
sical necessity;  and  doubtless  very  much  of  the  fluid  collectively 
called  the  sweat  is  produced  in  this  way.  The  precise  proportion 
of  the  true  sweat,  kowever,  cannot  be  asaertained.  Certainly,  when 
the  amount  of  perspiration  is  very  suddenly  augmented,  as  in  a 
vapor-bath,  it  cannot  be  due  to  secretion  wholly  nor  principally. 
But  while  Becretioii  is  probably  thus  increased,  transudation  is  in- 
creased to  a  much  greater  proportional  extent.  In  cases  of  colli- 
quative sweats,  aud  the  cold  sweat  so  oomraon  in  articuh  morlix,  it 
is  certainly  not  increased  secretion,  but  mere  trausudation,  vbicb 
produces  the  excess  of  fluid. 

Besides,  it  is  probable  that  the  gases  escaping  by  the  akin  do  s(t 
as  a  mere  physical  phenomenon,  whether  termed  exhalation  or 
otherwise. 

So  far,  therefore,  as  the  sweat  is  actually  a  secretion,  it  is  doubtless 
secreted  by  the  epithelial  cells  lining  the  tubes  forming  the  per- 
spiratory glands.  But  the  portion  elaborated  by  them  constitutes 
the  inaensible  rather  than  the  sensible  perspiration ;  and  though  it 
is  highly  probable  that  it  contains  all  the  substances  mentioned  as 
more  characteristic  of  the  sweat — as  lactic,  formic,  and  butyriu 
ncids — nothing  positive  is  known  on  this  point. 

Uses, — One  use  of  the  sweat  is,  doubtless,  to  regulate  the  tem- 
perature of  the  animal  body;  an  excess  of  perspiration,  and  its 
evaporation,  being  a  cooling  process. 

But  the  main  object  of  the  perspiration  is  the  elimination,  it  is 
said,  of  certain  deleterious  elements  from  the  blood,  it  being  one  o!' 
the  excretions.  When  we  consider  that  more  than  99J  per  cent,  ol' 
the  sweat  is  water  {Favre),  it  hardly  appears  possible  that  this  ex- 
creting power  of  the  perspiratory  glands  has  not  been  overrated. 
Yet  all  physicians  are  aware  of  the  serious  consequence  resulting 
from  a  sudden  "check  of  the  perspiration,"  so  called. 

We  doubt  not  that  the  perspiratory  glands  do  eliminate  excre- 
mentitious  substances,  and  that  their  function  is  therefore  importaut. 
But  it  is  probable  that  the  gases  and  volatile  substances  which 
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escape  from  the  surface  of  the  skin  by  mere  exhalation  and  trans- 
udation are  far  more  important  as  excretions  than  the  actual  ele- 
ments of  the  perspiration.  It  is,  therefore,  probably  because  the 
action  of  the  skin  as  an  exhaling  and  transuding  surface  is  suddenly 
checked,  and  not  that  of  the  perspiratory  glands  alone,  that  such 
serious  consequences  ensue  from  such  sudden  changes.  It  is  far 
more  because  carbonic  acid  and  nitrogen  gases,  and  water  also,  cease 
to  be  given  off|  than  because  the  perspiratory  elements  and  the 
minute  amounts  of  the  acids  of  the  sweat  are  still  retained  in  the 
blood,  that  the  mischief  results.  And  it  is  not  singular  that  the 
pulmonary  surface,  or  that  of  the  alimentary  canal,  or  of  the  urini- 
ferous  tubes,  should  manifest  a  higher  amount  of  power  as  a  trans- 
uding sur&ce  when  this  physical  process  is  suddenly  checked  on 
the  skin;  and  that  catarrhs,  diarrhoeas,  or  diuresis  should  result 
therefrom. 


THIRD   DIVISION. 


THE  TISSCES. 


iaUMM 


CLASSIFICATION  OF  THE  TJSHUES, 

No  classificatioQ  of  the  tissues  is  possible  whiuh  is  not  liable  u> 
some  objections ;  but  the  following  is  proposed  as  the  most  simple, 
for  the  use  of  the  student  in  histology.  All  tissues  in  which  the 
microscope  detects  but  one  of  the  simple  histological  elements— 
whether  cells,  fibres,  or  membrane — are  termed  simple  tissues;  while 
if  two  or  more  elements  are  seen — as  cells  and  fibres,  or  cells, 
and  faomogeDeous  substance — such  are  termed  compound  tiasi 
And  the  latter  are  termed  binary  or  ternary,  if  constituted  resj 
ively  of  two  or  three  elements. 

lu  any  classification,  the  distinction  between  mere  tissues,  and 
organs  consisting  in  great  part  of  those  tissues,  must  be  kept  in 
mind.  E.  g.  white  fibrous  tissue  constitutes  a  great  part  of  the 
ligaments  and  tendons ;  hut  mere  white  fibrous  tissue  is  one  thing, 
while  a  tendon  or  a  ligament  is  another — the  latter  containing 
bloodvessels  and  areolar  tissue,  together  with  much  of  the  tissue  in 
question.  So  bone-tissue,  or  osseous  tissue,  is  a  simple  tissue ;  but 
a  bone  is  a  compound  organ,  consisting  of  osseous  tissue,  vessels, 
nerves,  lymphatics,  &c. 

We  must  also  distinguish,  in  a  classification,  the  tissue  itself, 
from  mere  cavities  which  are  found  in  it.  Even  though  the  latter 
may  be  peculiar  to  the  tissue,  and  characteristic,  they  constitute  no 
part  of  it  whatever,  and  must  exert  no  influence  in  deciding  to 
what  class  the  tissue  belongs.  These  remarks  apply  more  espe- 
cially to  osseous  tissue,  this  beiog  a  simple  tissue;  though  the 
cavities  (lacunas  and  pores)  are  more  characteristic  of  bone,  as  seen 
undw  the  microscope,  than  is  even  the  solid  substance  itself. 

Dental  tissue  is  here  associated  with  the  osseous,  though 
enamel  is  more  nearly  allied,  in  its  method  of  development,  to  epjj 
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thelium.  The  nails  and  the  hair  are  classed  with  epithelium  also; 
though  the  latter  is  often  classed  with  teeth,  and  is,  at  the  same 
time,  a  compound  tissue. 

Only  the  highest  form  of  muscular  tissue  (the  striated)  is  strictly 
compound;  but  there  is  an  obvious  advantage  in  arranging  and 
describing  the  two  forms  in  connection. 

The  isX-celh  are  a  simple  tissue;  but  adipose  tissue  is  not  so,  and 
hence  it  is  placed  in  the  second  class.  It  would  be  in  accordance 
with  analogy  to  term  the  fat-cells  alone  faiiy  tissue^  and,  when  con- 
nected together  with  their  vessels  by  areolar  tissue,  to  apply  the 
term  fat — as  we  speak  of  osseous  tissue  and  bone,  of  muscular 
tissue  and  muscle.  In  that  case  the  term  adipose  tissue  might  be 
dropped,  or  adipose  tissue  and  adipose  might  be  used.  For  the  pre- 
sent, however,  it  appears  necessary  to  retain,  as  correlative  terms, 
fat-cells  and  adipose  tissue. 

It  will  be  hereafter  seen  that  the  mucous  and  serous  membranes, 
and  the  skin,  are  composed  of  the  same  histological  elements;  and 
they  are,  therefore,  here  classed  together.  The  vessels  and  the 
heart  present  no  peculiar  histological  elements ;  but  they  are  sepa- 
rately described  on  account  of  their  great  physiological  importance. 
For  a  similar  reason,  distinct  chapters  are  devoted  to  the  alimentary 
canal,  the  urinary,  the  sexual,  and  the  respiratory  apparatus,  the 
ductless  glands,  and  the  sensory  organs. 

Classification  of  the  Tissues. 

FiBOT  Class.— SIMPLE  TISSUES. 

1.  Epitheliom.     Hair  and  Nails. 

2.  YeUow  Fibrous  (Elastic)  Tissue. 

3.  White  Fibrous  (Collagenous)  Tissue. 

4.  Osseous  Tissue,  including  Teeth. 

Sboohd  Class.— compound  TISSUES. 

1.  Areolar  Tissue. 

2.  Adipose  Tissue. 

3.  Cartilage  and  Fibro-Cartilage. 

4.  Contractile  or  Muscular  Tissue  (two  forms). 

5.  Nervous  Tissue— Vesicular  and  Fibrous. 

{Cutaneous  (Skin.) 
Mucous. 
Serous. 
7.  The  Vessels. 

S.  Alimentary  Canal  and  Appendages. 
9.  Urinary  Apparatus. 


12.  DnotlesB  C)lu]d& 
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10.  Bexnal  Oi^sdb.  ' 

11.  Bflsplratorj  Organs. 
'  The  Spleen. 

The  Thyroid  Body. 
The  ThymOfl  Body. 
The  Supra-Renal  Cft|>siilei 
13.  The  Organs  of  the  Suusob. 

In  order,  however,  to  avoid  repetitions  as  far  aa  possible,  and  to 
proceed  at  the  same  time  in  the  most  intelligible  manner,  the  first 
seven  tissues  will  be  described  in  the  following  order;  afler  which 
muscular  tissue  and  the  rest  will  follow  in  the  order  already  given. 

1.  Epithelium  and  its  modifications. 

2.  Yellow  fibrous  tissue. 

3.  White  fibrous  tissue. 

4.  Areolar  tissue. 

5.  Adipose  tissue. 

6.  Cartilage  and  Fibro-Cartilage. 

7.  Osseous  tissue  and  the  Bones; 
Dental  tissues,  and  the  Teeth. 

8.  Contractile  or  Muscular  tissue,  &c.  &c. 


CHAPTER    I. 


EFirnELlUM — NAILS  AND  HAIK, 


The  epidermis  and  the  nails  have  been  by  some  authors  t 
the  homy  tissues ;  since,  like  the  claws,  horns,  and  hoofs  of  the  lower 
animals,  and  whalebone,  so  called,  and  tortoise-shell — they  contain 
the  immediate  principle  called  Keratine  (p.  100).  Both  these,  how- 
ever, and  the  epithelia  of  mucous  and  serous  membranes,  are  histo- 
logically so  similar,  that  they  will  be  described  under  the  bead  of 
epithelium;  and  the  hair,  next  in  order,  as  beiug  an  epithelial 
appendage. 

All  epithelial  developments  are  destined  to  fall  off,  and  thus  be 
lost  to  the  organism,  after  accomplishing  their  proper  functions; 
and  they  all  consist  of  cells  of  various  forms  which  have,  in  a  mea- 
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gore,  dried  up  if  externally  situated,  and  which  are  agglutinated  to 
ettch  other  by  bd  intercellular  substance  difficult  of  detectioo,  Be- 
oidfls  this  laat  "  problematical  substance"  {Lehmann\  there  are  three 
dtstinct  elements  of  the  cella:  1,  the  substance  of  the  oell-mem- 
brana,  which  constitutes  tho  principa.1  portion  of  all  theee  tissues; 
and,  which  ia  almost  insoluble  in  alkalies ;  2,  the  ceW-conlcnis,  which, 
with  tho  nucleus,  are  more  readily  soluble  in  alkalies;  and  3,  the 
gnwular  matters  which  are  wholly  insoluble  in  alkali.  The  last 
romaia  after  the  entire  solution  of  some  of  these  tissues,  and  by 
no  means  consist  entirely  of  fat. 

They  all  contain  a  considerable  amount  of  unozidized  sulphur, 
aad  usually  about  one  per  cent,  of  mineral  substances  in  all. 

SECTION    I. 
EPITHELIUM    (ePIDEBMIS,    ETO.)- 

Erery  free  surface  of  the  body  ia  covered  by  one  or  more  layers 
of  cells,  constituting  an  epithelium.'  Epithelium,  therefore,  enters 
into  the  structure  at  every  point  of  the  skin,  and  of  serous  and 
mucous  membranes,  forming  the  outermost  (i.e.  farthest  from  the 
vessels),  of  the  three  layers  of  which  they  are  alike  composed. 
The  next  layer  underneath  the  epithelium  is  the  basement-mem- 
bnme,  already  described  (p.  Ill),  and  the  innermost,  the  corium. 
Viewed  in  its  histological  relations,  therefore,  epithelium  may  be 
defined  to  be  a  continuous  exjimaum  of  cells ;  consisting  of  one  or  more 
rintia  dtvehped  upon  and  completely  covering  a  basement-membrate. 
A  single  layer  of  cells  constitutes  a  eimple,  and  two  or  more  layers 
h  compound  epithelium. 

The  epithelium  of  the  skin  is  usually  called  epidermis  or  cuticle. 
These  terms,  however,  include  only  the  outer  layers  of  the  cuta- 
neous epithelium,  as  will  be  shown.  The  epithelia  of  the  skin  and 
of  mucous  membrane,  are  of  course  continuous  where  these  mem- 
branes are  bo;  as  at  the  mouth,  nostrils,  anus,  &c. 

Epithelial  cells  present  no  original  peculiarities  oi  form  and  con- 
tents.  They  consist  of  cell-wall,  contained  fluid,  granules,  nuclei,  and 
nucleoli  (p.  114).  On  some  portions  of  themucoui  membrane,  how- 
ever, they  assume  a  conoidal  or  elongated  (cylindrical)  form;  while 
on  serous  membranes  the  contact  of  the  opposed  surfaces  gives 
tbem  a  very  flat  form,  allowing  but  a  small  amount  of  fluid  con- 

'  n«a)  M  BpOD,  kDd  l<U  the  nlppl*— It  being  veTj  apparent  on  thie  part. 
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tenia;  and  on  the  skin  the  outer  strata  of  cells  become  dried  and 
collapsed  into  solid  horny  scales.  In  the  first  instance,  the  epithe- 
lium is  termed  a  conoidal  {or  cylinder),  and  in  the  latter  case,  a 
xcaly  epithelium.  Between  the  conoidal  and  the  flattened  cell,  many 
varieties  are  found;  the  globular  and  the  polyhedral  form  preiio- 
luinating. 

Again,  the  conoidal  cells  are  sometimes  found  surmounted  by 
cilia,'  so  called;  in  which  case  we  have  a  ciliated  epithelium. 

The  conoidal  (or  cylinder)  and  the  ciliated  epithelium  are  found 
I  inly  on  the  mucous  membrane,  in  the  adult  human  body;  the  scaly 
variety  exists  everywhere  on  the  skin  and  serous  membranes,  and 
nko  on  certain  parts  of  the  mucous  membranes,  hereafter  to  be 
specified. 

The  granules  are  more  numerous  in  epithelial  cells  in  proportioD 
as  the  latter  are  smaller  and  younger,  and  in  these  also  the  circular 
or  ova!  nuclei  are  more  apparent.  Acetic  acid  renders  them  very 
distinct.  Indeed,  the  granular  appearance  and  the  distinctness  of 
the  nuclei  seem  to  measure  the  functional  activity  of  the  cells,  and 
when  both  disappear  the  cells  become  detached  or  defiquamated. 

The  size  of  epithelial  cella  varies  according  to  their  form,  and 
also  in  different  parts  of  the  body,  and  in  the  different  layers  in 
the  same  part.  The  conoidal  cells  of  the  epithelium  of  the  small  in- 
testine are  u'jj  to  g^j  of  an  inch  in  length,  and  jVso  to  ib'os  °^ 
an  inch  broad.  The  cells  in  the  most  superficial  layer  of  the 
conoidal  epithelium  of  the  larynx  are  ,in  to  jj^  of  an  inch  long, 
and  jj'oo  to  jg'on  of  an  inch  broad.  In  the  very  lowest  layers  of 
the  epithelium  of  the  mouth,  when  the  cells  are  arranged  nearly 
perpendicular  to  the  basement-membrane,  they  arc  i^^^  to  ^^'go  of 
an  inch  long;  in  the  middle  layers  they  are  jg'no  to  ^^^^^  of  an  inch 
broad,  having  become  somewhat  flattened;  while  the  most  super- 
ficial cells  are  large  flattened  plates,  called  epilkelial  plates,  by  Kol- 
liker — jj^  to  even  jJo  **''  ^"  ^^'^^  across.  (Fig.  147.) 

The  thickness  of  the  epithelium  must  depend  on  the  size  of  the 
cells  and  the  number  of  layers.  The  small  intestine,  having  but  a 
single  layer,  will  have  an  epithelium  ji'jj  to  jij  of  an  inch  thick, 
as  has  been  shown.  The  compound  epithelium  of  the  mouth  is 
lis  to  JB  "f  ^1  '^i^li  thick;  and  that  of  the  larynx  is  jjj  to  jjg  of 
an  inch  thick. 
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Fig.  139, 


^K  Varktifs  of  Epithelium. 

^^3oth  ihe  scaly  aod  the  Ci>nni'iia2  epithetium  present  two  varieties, 
iJttA  simpk  &^A  the  compound.  The  conoidal  epithelium  is  also  in 
some  parte  ciliated,  whether  simple  or  compound.     Thus  we  find — 

I.  The  simple  scaly  epitheliam. 
II.  The  compound  scaly  epithelium. 

III.  The  simple  conoidal  epithelium. 

IV.  The  compound  conoidal  epithelium. 

V.  Either  of  the  two  preceding  may  be  ciliated. 

Frequently  the  cells  of  a  scaly  epithelium  (as  on  serous  mem- 
braaee)  we  matched  together  in  such  a  way  that  its  free  surface  re- 
aembles  mosaic  or  a  pavement,  when  seen  under  the  microscope,  the 
celU  being  polygonal  and  mostly  hexagonal.  This  appearance  haa 
given  rise  to  the  expression  "pavement  or  tessellated"  epithelium. 
But  the  free  surface  of  a  conoidal  epithe- 
lium often  presents  the  same  appearance;  and 
ainoe  it  depends  not  on  the  size  of  the  cells, 
nor  even  their  form,  except  so  far  as  their 
free  surface  is  concerned,  there  is  no  sufficient 
reason  for  making  this  appearance  a  distin- 
goishing  characteristic.  It  is  indicated  in 
Fig.  139. 

Todd  and  Bowman  have  described  the 
epithelium  lining  the  minute  ducts  of  the 
true  glands  as  consisting  of  globular  cells,  ' 
and  hence  term  this  "globular  or  glandular" 
epithelium.  They  suppose  that  the  secretion  of  the  gknd  is  secreted 
by  these  cells  alone.  Since,  however,  all  epithelial  cells  secrete  in 
proportion  to  their  size  and  fluid  contents,  this  distinction  ia  unne- 
cessary. Besides,  these  cells  are  not  by  any  means  uniformly  glo- 
bular. There  arc  all  intermediate  phases,  so  far  as  the  form  of  the 
cells  is  concerned,  between  the  flattened  or  scaly  and  the  conoidal 
or  cylindrical. 

t  will  appear  that  different  functions  are  assigned  to  these  diifer- 

^  varieties  of  epithelium,  now  to  be  described. 


TUE   T1SSDE3. 


Fig.  140. 


I.  Scaly  Epithelium. 
A.  The  simple  scali/  or  aquamous  epitheiiura  consists  of  a  single 
layer  of  flattened  cells,  of  a  polygonal  outline.    Fig.  140  shows  the 
epithelium  of  a.  aerous  membrane. 

Dislribvlion. — This  kind  of  epithe- 
lium ia  found  covering  all  true  serous 
(but  not  synovial)  surfaces.      It  also 
lines  all  lymphatics  and  bloodvessels 
throughout,  and  all  mucous  follicles, 
the  air-cella  of  the  lungs,  and  the  ulti- 
mate folliclea  of  all  true  glands.     It 
also  covera  the  membrane  of  Demoura, 
the  posterior  surface  of  the  iris  (uvea), 
the  inner  surface  of  the  choroid  coat 
(the  pigment-cella  described  on  page 
sraijcpithfUgwDfiorousmpmbranB.    133,  there  forming  a  scaly  epithelium), 
«,  A  fold  .iio^ins  ihicknoH  uf  ihc  wii.    g^j,^  ^^^  capsule  of  the  crystalline  lena; 
c.  Una  r>f  janciioBor  iwaMiii.  (Mm-   (tnd  lines  the  internal  ear  and  the  Gnia- 

The  simple  scaly  epithelium  lining  the  aominiferoua  tubes  merges 

into  the  simple  conoidal  at  the  head  of  the  epididymis,  and  thence 

the  latter  variety  lines  the 
Pig.  141.  ,  .  ■' 

vas  deferena. 

Peculiarities. — In  some 
of  the  large  arteries  and 
some  of  the  veins,  the  epi- 
thelial cells  are  quite  ir- 
regularly elongated,  fusi- 
form, and  slender,  being 
tt'ij  ^  bJd  "f  ^f  iich 
long.  Being  also  not  per- 
fectly matched  to  each 
other,  narrow  spaces  are 
here  and  there  left  be- 
tween them.  (Fig.  141.) 
Distinct  and  well-marked 
epithelium  may  be  traced 
in  vessels  only  yj'^j  to  jb'od  ^^  «i  iiic^  in  diameter.  In  the  walls 
of  the  capillaries,  however,  only  scattered  nuclei  can  be  seen;  which. 


Fig.  142. 
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increasmg  in  number  and  developmeat  aa  the  vessels  inorease  i 
size,  may  be  llie  rudiments  of  epithelial  cells.     Fig. 
142  shows  the  epithelium  of  the  lymphatic  vessels. 

The  epithehal  cells  of  the  salivary  glauds  contain 
a  greater  amount  of  fattj  and  pigment- granules  than 
occur  in  moat  mucous  glands. 

The  oella  of  the  seminiferous  tubes  are  smaller 
before  puberty.  At  that  period  they  increase,  and 
assume  a  higher  function— the  secretion  of  aemen. 
They  merge  into  conoidal  epithelium  at  the  bead  of 
the  epididymis,  as  already  stated. 

The  epithelium  of  the  left  ventricle  and  auricle  of 
the  horse  is  seen  in  Figs.  liS  and  144. 

The  epithelium  of  the  Graafian  vesicle  constitutes 
what  is  termed  the  "membrana  granulosa,"  and  con- 
Fig.  143.  Fig.  144. 
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sifits  of  roundish,  polygonal,  nucleated  cells,  j^'^g  to  ^g'^g  of  an  inch 
in  diameter.     They  become  club-shaped  about  the  time  the  ovum 
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leaves  the  ovary.  They  contain  yellowish  fatty  granules,  whicb 
become  indistinct  after  the  death  of  the  animal.  (Fig,  145.) 

The  epithelial  lining  of  serous  membranes  (Fig,  140)  gives  their 
surface  a  glassy  lustre,  and  lubricates  it  by  its  secretion,  A  pan, 
however,  of  the  serum  in  serous  cavities — the  waler  more  espe- 
cially— doubtless  enters  them  by  mere  transudation  from  the  blood- 
vessels. In  inflammations  the  epithelium  is  detached,  and  the  sur- 
face of  the  membrane  then  becomes  somewhat  rough,  and  of  a  dull, 
leaden  hue. 

Kolliker  asserts  that  this  kind  of  epitheliam  is,  in  the  ventricles 
of  the  brain  of  embryos,  surmouuted  with  cilia. 

B.  Compound  Scali/ Epithelium. 
This  kind  of  epithelium  consists  of  several  layers  of  cella,  the 

outermost  of  which  assume  the  form  of  dry  scales,  or  become  very 

much  flattened  cells.   (Fig.  146.) 

Diatrihuiicm. — CoTnpound  scaly  epithelium  covers  the  synovial 

membranes  generally.  On  the  mucous  membrane  it  is  found  lining 
the  alimentary  canal  from  the  lips  to  the 
cardiac  orifice  of  the  stomach,  and  the  lower 
half  or  more  of  the  rectum.  It  also  extends 
into  tlie  no.strils  a  short  distance,  and  lines 
the  lachrymal  canals,  the  conjunctiva,  and 
the  cavity  of  the  tympanum,  except  the 
inner  surface  of  the  membrana  tympani, 
It  extends  through  the  female  urethra,  the 
vagina,  and  the  lower  third  of  the  cavity  of 
the  uterus  (but  not  through  its  neck),  and 
covers  the  clitoris  and  nymphie.  Finally,  it 
lines  the  bladder,  ureters,  and  pelvis  of  the 
kidneys,  in  both  sexes. 

The  compound  scaly  epithelium  also  eve- 
rywhere forms  the  outer  layer  of  the  skin, 
and  is  here  called  the  epidermis.  In  the 
latter  the  scales  are  dry  and  homy,  as  before 
stated.  Figs.  146  and  6S  show  its  vertical 
section;  the  entire  epithelium  of  the  skin 
including  both  the  epidermis  and  the  ret* 
mucosum,  as  it  is  improperly  called. 
Peculiarities. — The  epithelium  of  the  skin 


EPITHELIUM. 


241 


▼aries  much,  in  difierent  parts,  in  thickness.  Its  outer  portion  con- 
stitntes  the  cuticle,  and  its  inner  part  the  reie  mtuxmrni,  or  stratum 
Malpighii,  of  anatomists. 

The  outer  layers  of  cells  in  case  of  the  mucous  membrane  also 
become  flattened  into  coherent  scales  (the  epithelial  plates).  These 
may  be  detached  in  flakes  or  sheets  from  the  oesophagus,  and  are 
often  80  by  disease,  from  the  tongue.  (Fig.  147.)    The  epithelium 

Fig.  147. 


EpItlMllal  pUtM  of  oral  earitj.    a,  Larg«.    ft.  lfiddlo-«ii«d.   e.  Samo,  with  two  nndei.— Magiiiflod 

SM  dlameten.  (KVUiker.) 

upon  this  organ  is  sometimes  even  3*9  of  an  inch  thick.  Still,  it  is 
very  endosmotic,  various  fluids  penetrating  it  from  without,  and 
the  blood-plasma  also  exuding  through  it  from  the  vessels  which 
underlie  it  {Kolliker.) 

In  the  lower  animals  we  find  various  modifications  of  this  epithe- 
lium— as  in  the  sheaths  of  the  beaks  of  birds  and  of  Chelonian 
reptiles;  in  the  scales  of  fishes;  in  the  jaws  of  certain  invertebrate 
animals;  in  whalebone  so-called,  tortoise-shell,  and  the  teeth  of  some 
fishes;  in  the  spines  and  plates  of  the  toDffues  of  many  animals, 
and  the  spines  of  the  oesophaeus  of  the  Chelonia ;  in  the  teeth-like 
appendages  of  the  stomachs  of  some  of  the  moUusca,  and  the  homy 
plates  of  the  gizzards  of  most  birds,  and  of  the  cardiac  half  of  the 
stomach  of  the  horse. 


II.  CJoNoiDAL  Epithelium. 

A.  Simple  Oonaidal  Upithelium. 

This  variety  of  epithelium,  consisting  of  a  single  layer  of  conoidal 
cells,  is  represented  by  Figs.  148,  149,  and  150. 

Distribution, — It  commences  at  the  cardiac  orifice  of  the  stomach, 
1(5 
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and  lilies  the  whole  alimentary  canal  thence  to  the  rectum  (KoUikei 
says,  to  the  anus).     It  linea  the  excretory  ducts  of  all  glands;  the 


Fig.  149. 


Pig.  140.  Blmpie  coanldil  rpilbellam  of  LI«berkDhB'i  rclHclM.    A.  TruiTETM  Hctln  a(  Mild* 

or  lomaa  at  Ihg  folUelo  (300  dluailvn.)  B.  Slgglo  tnb*  ibmrlsg  |a)  bueaanl  nnunbnBt,  mat  (A 
lulirriiiil  mrllin  •>!  thn  nil  uf  iho  mbi  (300  dlimelen). 

ainuoua  fossco  (mucous  glands)  of  the  cervix  uteri ;  the  male  ure- 
thra and  all  ducts  opening  into  it,  and  the  vaa  deferens  to  the  head 
f  the  epididymis.  Its  appearance  in  the  gastric  tubes  is  shoTO  by 
Fig.  148. 

It  is  also  dh'ated  in  all  the  following  parts— the  finest  bronchifll 
tubes,  and  all  the  sinuses  (frontal 
^8-  ■  160  a^^    maxillary),   and    tlie-  cell* 

(sphenoidal   and   ethmoidal),  of 
B^a     the  face;  on  the  inner  surface  of 
B^     the  membrana  tympani ;  the  up- 
per two-thirds  of  the  cavity  of 
the  uterus,  and  through  the  Fal- 
lopian tubes,  and  the  canals  in 
the  Wolffian  body  in  the  fcetus. 
Peculianliea.— The   fact    that 
this  kind  of  epithelium  linea  the  uterine  glands,  is  an  exceptioa  to 
the  law  before  stated,  that  the  ultimate  follicles  of  all  glands  are 
lined  by  simple  scaly  epithelium,  {K'oUiker.) 
If  soverail  of  these  cells  still  cohering,  alter  being  detached  firom 
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the  subjacent  raembraQC,  are  treated  witb  water,  ihey  seem  to  be 
sarmouDted  by  a  delicate  membrane.  This  ia,  bowever,  merely  a 
OODtiDuous  sheet  formed  by  the  ends  of  the  cells;  tbey  having  been 
slanted  by  the  endosmosis  of  tbo  water.    (Fig.  150.) 

B.  Compound  Gmwidal  EpitheUttm. 
Thia  variety  consists  of  two  or  more  layers  of  cells,  the  outer- 
aiost  being  conoidal.     It  ia  shown  by  Figs.  151  and  152.     Where- 
ever  found  it  ia  always  cilialed. 


Pig.  IGl. 
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Distrihiliim. — Commencing  about  tbree-quartera  of  an  inch  within 
the  nostrils,  it  extends  through  the  nasal  pasaagea,  covers  the  upper 
pan  of  the  pharynx  and  posterior  surface  of  the  soft  palate;  then 
enters  the  larynx  to  line  that,  the  trachea,  and  the  bronchial  tubes 
to  their  finer  subdivisions.  It  also  lines  the  Eustachian  tube,  and 
the  lachrymal  duct  and  sac. 


OiliaUd  Epithelium. 
Epithelium  is  so  called  when  the  outer  layer  of  cells  are  sur- 
mountcid  by  cilia.  The-se,  seen  under  the  microscope,  resemble 
very  fine  hairs,  and  the  average  number  attached  to  each  cell  is  10 
to  22.  (  Vaientin.)  They  grow  from  the  free  (or  outer)  extremity  of 
the  cells,  and  are  generally  so  arranged  as  nearly  to  cover  it,  though 
sometimes  bat  a  single  one  is  found.  They  are  fine,  sort  processes 
of  the  cell- membrane,  broader  at  their  base  and  terminating  in  a 
point.  They  are  in  incessant  motion;  constantly  striking  forward 
from  a  vertical  position  to  very  nearly  a  horizontal  one,  and  in- 
stantly rvturning  again.  The  author  counted  one  hundred  nnd 
JoTty  »ach  strokes  in  a  minute,  in  case  of  cells  from  the  pharynx  of 
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a  frog.  It  has  been  asserted  that  they  all  strike  totcards  the  outlet  of 
the  passage  on  which  they  are  found;  an  assertion  needing  confir- 
mation however.  The  motion  seems  to  depend  much  upon  the 
state  of  the  cells  in  respect  to  fluidity ;  since  it  will  continue  many 
hours  after  death  (even  78),  In  case  of  man  {Qosselin),  if  the  cells 
are  kept  moist.'  The  cilia  are  among  the  most  minute  objects  oc- 
curring to  the  histologist;  being  •rs'on  ^  si'si  of  an  inch  long,  anfl 
not  exceeding  lOiino  'o  ao.^n?)  of  an  inch  in  diameter.  They  were 
discovered  by  Purkinje  and  Valentin  in  1834.  Figs.  151  and  15'2 
show  them  on  both  kinds  of  conoidal  epithelium.  (Also  Fig.  91.) 

Distrihution, — It  has  been  seen  that  the  ciliated  epithelium  (either 
simple  or  compound  conoidal),  lines  the  whole  extent  of  the  air- 
passages  from  just  within  the  nostrils  to  the  termination  of  the 
finest  bronchial  tubes,  and  the  commuoicatiug  cavities  also;  as  the 
sinuses  and  cells  of  the  face.  Eustachian  tube,  and  membrana  tym- 
pani,  and  the  ductus  ad  nasuni  and  lachrymal  sac. 

Further  than  this,  the  ciliated  epithelium  lines  the  upper  two- 
thirds  of  the  cavity  of  the  uterus,  and  the  Fallopian  tubes  througli- 
out.  The  canals  in  the  Wolffian  bodies  of  the  fcetus  must  also  be 
added. 

Peculiarities. — It  is  an  interesting  fact  that  the  epithelium  of  the 
upper  part  of  the  uterus  and  of  the  Fallopian  tubes  is  not  ciliated 
previously  to  puberty. 

Disease  respects  the  distinctions  made  in  regard  to  the  different 
varieties  of  epithelium.  In  croup,  the  nasal  passages  are  almost 
invariably  first  affected,  and  the  disease  follows  the  course  of  the 
ciliated  epithelium  over  the  posterior  surface  of  the  velum,  and 
thence  into  the  larynx  and  trachea,  and  not  along  the  cesophagus 
into  the  stomach.  Again,  a  disease  commencing  in  the  lower  half 
of  the  pharynx,  or  the  tonsils,  does  not  soon  extend  to  the  larynx 
and  trachea,  as  a  general  rule,  Kesidea,  the  uterine  glands  may  be 
diseased  for  an  indefinite  period  without  the  disease  extending  either 
to  the  uterine  cavity  or  to  the  vagina;  its  conoidal  epithelium  being 
bounded  both  above  and  below  by  the  scaly  variety. 

Development  of  Epithelium, 
The  first  cells  laid  down  to  form  an  epithelium  are  probably  de- 

'  The  motioii  of  the  cilift  Ib  deslroyeil  bj  many  chemical  and  meolianioal  agenti ; 
and  Virchow  has  recently  foaud  that  a  aolutioD  of  potasaa  or  sodft  re-czeilrt  it. 
Hp  iuten  from  hU  ozperimeots  that  the  BnbBtanM  of  the  oiHa  neuif  ftppro^nulM 
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nnling  to  the  method  first  described  (page  l20),/ree  cell- 
;  they  being  formed  in  a  plasma  exuded  upon  the  base- 
nbnuie.'  They  subsequently  multiply  by  the  Jusui-aCion 
ot  the  cells  and  nuclei  in  the  lower  layers.  They  are  constantly 
growing,  and  on  reaching  maturity,  they  lose  their  vitality  and 
become  detached  or  desquamate.  In  the  mouth  and  alimentary 
canal  they  are  detached  also  by  mechanical  causes. 

The  reparation  of  epithelium  also  takes  place  by  fissuration,  unless 
all  the  layers  of  cells  have  been  removed ;  in  which  case  there  is 
doubtless  a  development  de  novo,  as  at  first.  Sometimes,  however, 
a  long  time  is  required  for  the  formation  of  a  perfect  epithelium; 
aa  is  seen  especially  upon  the  surface  of  cicatrices  alWr  entire  loss 
of  the  skin. 

Functions  of  EpelheUum. 

The  functions  of  epithelium  vary  with  the  diftcrent  varieties,  and 
also  in  different  parts  of  the  body. 

L  The  scalif  epithelium  is  specially  for  secretion  and  prolcctiim. 

The  simple  scaly  epithelium  of  serous  membranes,  mucous  folli- 
cles and  glands,  and,  in  part,  of  the  eye  and  the  internal  ear,  and 
the  compouod  scaly  epithelium  of  synovial  membranes — are  for 
secretion  of  serous  or  mucous  Quids,  as  the  case  may  be. 

The  simple  scaly  epithelium  of  the  lymphatics  and  bloodvessels, 
of  the  ocular  membranes,  not  alluded  to  in  the  preceding  paragraph, 
and  of  the  Graafian  vesicle;  the  compound  scaly  epithelium  extend- 
ing from  the  lips  to  the  cardia,  at  the  commencement  of  the  nostrils, 
oQ  the  lachrymal  ducts,  conjunctiva,  and  tympanic  cavity;  that 
covering  the  vulva,  vagina,  and  lower  third  of  the  uterine  cavity; 
and  that  lining  the  bladder,  ureters,  pelvis  of  the  kidney  and  female 
urethra — are  for  protection,  and  doubtless  also,  to  some  extent,  for 
secretion. 

The  compound  scaly  epithelium  of  the  skin — the  epuiennis—ia 
almost  exclusively  protective. 

n.  The  conoidal  epithelium  is  for  secretion,  absorption,  or  pro- 
tection. 

The  simple  oonoidal  epithelium  extending  from  the  cardia,  through 

'  It  luu  been  sugguBtad  Ihst  tha  riuiform  »l«nder  epUhttlial  uetU  ot  th«  larger 
krteii«  and  some  veini,  are  relatsd  \a  their  derelojimeot  to  the  itrip^d  lamslla 
wUoli  anderlio  tlwu, 
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the  alimentary  canal,  nearly  to  the  anus,  is  botli  secretiTe  (of  mucus) 
and  protective.  The  cella  covering  tbe  villi  are  also  believed  to  be 
subservient  to  absorption  of  alimentary  materials  into  tbe  blood. 
Indeed,  epithelium  is  everywhere  remarkably  endosmotio.  In  the 
cervix  uteri  it  is  more  especially  for  secretion;  in  tbe  excretory 
ducts  of  all  glands,  secretive  and  protective;  as  it  is  also  in  the  male 
urethra  and  all  ducts  opening  into  it,  and  in  tbe  vas  deferens. 

Ciliated  epithelium  (whether  simple  or  compound  conoidal)  owes 
its  peculiarities  to  its  cilia.  Independently  of  them,  it  may  be,  and 
probably  always  is,  secretive  and  protective.  It  lines  only  tbe  whole 
of  the  air-passages  (except  the  air-cells),  and  the  passages  opening 
into  them,  and  a  part  of  the  genital  passages  of  the  female.  lis 
peculiar  function,  in  tbe  former  case,  seems  to  be  to  secure  tbe  con- 
tact of  new  portions  of  air  in  the  air-passages,  air-cells,  and  others, 
to  subserve  tbe  function  of  aeration.  The  cilia  may  also  aid  in 
preserving  a  due  state  of  moisture  on  every  part  of  a  membraoe, 
or  to  prevent  occlusion  of  narrow  passages  by  a  normal  or  abnor- 
mal secretion — as  in  the  Eustachian  tube,  the  lachrymal  duct  and 
sac,  the  finest  bronchial  tubes,  and  the  Fallopian  tubes. 

It  has  been  suggested  that  the  cilia  on  tbe  cells  covering  the 
upper  two-thirds  of  the  uterine  cavity,  and  lining  the  Fallopian 
tube,  carry  the  semen  to  the  ovary  to  secure  impregnation;  and  that, 
by  a  reversed  action,  they  also  return  the  impregnated  ovum  to  the 
uterine  cavity,  where  it  remains  to  be  developed  during  the  period 
of  gestation.  Though  this  idea  of  reversed  action  is  purely  hypo- 
thetical, it  is  still  probable  that  the  cilia  have  reference  to  the  (unc- 
tion of  menstruation  or  impregnation,  or  both,  aince  they  are  noi 
developed  till  tho  period  of  puberty  arrives.  But  it  is  a  gratuitous 
assumption  that  tbe  cilia  of  the  cavities  in  the  face  (antrum,  &c.)  are 
subservient  to  smell,  since  we  know  that  the  olfactory  nerves  are 
not  distributed  lo  these  cavities  at  all. 

Since  secretion  is  in  all  cases  perforTned  by  epithelial  cells,  all  the 
normal  secretions  contain  them,  or  at  least  their  nuclei  or  their 
debris;  as  has  already  been  seen  in  the  description  of  them  respect- 
ively in  the  Second  Division  of  this  work. 

Epithelium  is  corrugated  and  rendered  opaque  by  the  action  of 
alcohol,  and  hence  the  effect  of  holding  brandy,  &c.,  in  tbe  mouth. 
In  some  diseases  it  becomes  entirely  detached ;  and  thus  is  produceii 
the  extreme  redness  of  the  tongue  which  is  so  often  met  with.  An 
irritable  condition  of  the  mucous  membrane  of  course  resulta  from 
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its  mnoVal.  Nitrate  of  silver  blacketis  the  epidermis  and  readers 
opsqae  the  epithelium  of  mucous  membranes,  but  destroys  nothing 
beneatb  them.  It  is  therefore  not  a  caustic,  in  &ay  scientific  sense. 
The  epidermis  ia  separated  from  the  cerium  by  a  blister,  and  by 
exudations  underneath  it  from  other  causes — as  in  all  vesicular  skin 


j^^  Paihahgicnl  Ckmditione  of  EpitheUum. 

I^P*  1.  Epidermic  and  epitbelial  tumors  (epithelioma)  are  of  very  fre- 

'"Uuent  occurrence.    Warta  (verruoae)  and  callositira  of  the  skin,  espe- 

tnally  corns  (clavi),  are  minor  instances  of  this  group.     In  the  case 

of  warta,  however,  the  papillfe  as  -well  aa  the  epidermis  become 

hvpertrophied.     The  wart-like  nievi  matemi,  ichthyosis,  and  ele 

tihantiasia  Arabum,  also  belong  to  this  class,  though  this  last  is  not 
imited  to  the  epidermis  alone. 

2.  Condylomata  (more  properly  termed  papiUomata),  mucous  tu- 
bercles, and  similar  vegetations,  apt  to  form  around  the  orifices  of 
mucous  canals  from  the  irritation  of  syphilitic  or  other  discharges, 
belong  also  to  this  class.    Fig.  153,  b,  shows  one  of  these  vegetations 


aa  figured  by  Lebert;  it  being  a  papilla  formed  by  a  layer  of  closely 
imbricated  epithelial  scales,  the  deeper  portions  consisting  of  less 
datteued  cells,  or  nuclei  in  an  amorphous  blastema,  and  extending 
to  the  corium  of  the  skin.  Horns  are  also  epidermic  productions, 
and  sometimes  appear  on  the  human  body.  They  originate  in  the 
.sebaceous  follicles,  whose  epithelium,  thrown  off  in  abundance  and 
together  with  fatty  secretion,  forms  a  conical  mass  which  protrudes 
from  the  akin  (usually  of  the  head  or  of  the  forehead),  sometimes 
even  to  the  length  of  six  inches. 

3.  EpiUitlial  cancer  should  be  distinguished  from  mere  epithe- 
lioma; the  former  being  doubtless  malignant,  though  not  so  certain 
to  affect  the  lymphatic  glands,  and  the  body  generally,  as  the  other 
fonna  of  cancer.    It  occurs  on  the  skin  aud  mucous  membrane,  the 
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cheek  and  lips  being  its  most  common  seat.  Oq  the  skin  it  u  _ 
rally  a  bard,  well-defined  tumor,  irregularly  nodulated,  and  ooverei! 
witb  minute  watery  papilla;.  On  a  mucous  surface  it  appears  as  a 
cauliflower-like  growth,  more  or  less  red  from  vascular  injection, 
variously  consistent,  and  easily  separated  into  parts  by  pressure.  lu 
either  case  tbe  papOl^  and  the  epithelium  covering  tnem  become 
greatly  bypertrophied ;  the  coriura  and  areolar  tissue  also  becoming 


Fig.  154. 


converted  into  a  fibroid  substance.    Fig.  154  shows  the  microscc 

atruoture  of  an  epithelial  cancer  of  the  cheek.  

4.  New  formations  of  epithelium  are  common  in  certain  patholo- 
gical cysts.     A  very  delicate  ciliated  epithelium  has  been  found  on 

Fig.  IGS. 
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tine  intersaccular  partitions  in  ovariao  tumors,  and  in  those  of  the 
testis.' 

6.  Some  of  the  peculiar  appearances  of  the  tongue  in  diaeaae  are 

doe  to  cbaDges  in  its  epitbelial  cells.     They  may  even  become  a 

nidtu  for  the  development  of  parasitic  vegetation ;  of  which  the  pe- 

coliar  white  coat  produced  by  the  oidium  albicans  (Fig.  155)  in  some 

_  cues  of  diphthentis,  is  an  illuatration. 


Pfg.  1S6. 
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Nails  are  merely  a  modification  of  the  epidermia,  being  histolo- 
gically a  very  much  condcoaed  compound  scaly  epithelium.  (Fig. 
158.)  They  are  also,  by  maceration, 
detached  in  continuity  with  it.  And, 
according  to  Mulder's  investigations, 
tber  differ  from  epidermis  in  chemi- 
cal composition,  only  in  containing  a 
larger  proportion  of  sulphur  and  car- 
boa. 

The  surface  covered  by  the  nail, 
and  upon  which  tt  is  developed,  is 
called  the  bed  of  the  nail,  A  trans- 
verse section  of  it,  and  of  the  nail 
alBO,  is  seen  in  Fig.  157.  It  presents 
a  series  of  peculiar  ridges  on  its  sur- 
&oe,  beginning  under  the  root  of  the 
twil,  and  at  first  radiating  outwards 
from  the  centre  for  a  distance  of  2^ 
to  8(  lines;  whence  they  become  pa- 
rallel and  more  prominent,  and  take 
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on  the  form  of  true  laminte,  jjj  to  yJo  of  an  incli  deep.  The  line 
of  transition  of  the  ridges  into  the  lamina  divides  the  bed  of  the 
nail  into  two  sections,  differing  in  color  and  in  extent;  the  posterior 
smaller  one  underlying  its  root  and  lunula,  and  the  other  portion  its 
body.  The  ridges  and  lauiinaa  number  from  fifty  to  ninety.  At 
their  edges  they  are  beset  with  a  series  of  short  papillee.  On  the 
little  toe,  however,  the  papillte  are  frequently  not  seated  upon  the 
ridges,  but  are  dispersed.   (Kolliker.) 

The  wall  of  the  nail  is  the  process  of  the  skin  continuous  with 
the  bed  of  the  nail,  laterally  and  posteriorly;  forming  the  folds  on 
the  aides,  by  which  the  nail  is  limited.  The  corium  of  the  wall  and 
of  the  bed  of  the  nail  contains  but  little  fat ;  but  in  the  ridges  and 
the  laminae  is  an  abundance  of  fine  elastic  fibres.  The  capillaries, 
j^sn  ^  te'oo  °^  ^^  i'^'^^  ''^  diameter,  form  simple  loops  in  the  pa- 
pilla;; and  the  nerves  have  the  same  relation  as  in  the  skin. 

The  nail  itself  is  divided  into  the  body,  the  root,  and  the  free 
iidge.     These  are  shown  by  Tig.  loS.     The  lunula  is  the  opaque 
semilunar  portion  of  the  nail  (not  seen 
Fib.  15S-  in  all  cases),  at  its  posterior  part.   When 

not  apparent,  it  is  covered  entirely  hy 
the  fold  of  the  skin  underneath  whicli 
the  root  of  the  nail  lies,  and  which  is 
called  the  matrix  of  the  nail. 

The  lower  surface  of  the  nail  corre- 
aponds  with  the  surface  of  the  ridges  and 
laminEe  of  the  bed.  Furrows  and  ridges 
therefore  appear  on  the  former  as  upon 
Boi-iiiciQi,»fiiiiiioiiioeuticie.  B.n.  the  latter.  It  is  by  the  mutual  interlock- 
w  'J^iw.  "    '  ""'  "^    "  ing  of  these  opposite  surfaces  that  the 

intimate  union  of  the  nail  with  the  co- 
rium of  the  skin  is  effected.  (Fig.  157.) 

In  structure,  the  nails,  like  the  epithelium  of  the  skin,  consist  of 
two  layers;  the  deeper  being  soft  (the  Malpighian  layer,  sometimes 
improperly  called  the  stratum  mucosum),  and  the  superficial,  consti- 
tuting moat  of  the  thickness  of  the  nail  (the  homy  layer).  This 
stratum  consists  wholly  of  cells,  like  that  of  the  epidermis  (except 
that  they  arc  nucleated) ;  and  in  the  negro  is  black.  Haseall  states 
that  the  younger  cells  of  this  layer  generally  contain  pigment  in 
the  white  races.  The  horny  layer  is  quite  smooth  on  its  under  sur- 
face at  the  root,  but  becomes  ridged  further  forwards;   the  ridges 
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■ppoaring  in  transverse  sections  as  pointed  processes,  j-j'gg  to  gj^ 
of  an  inch  in  length,  and  even  jJo  ^'^  ain  of  an  inoh  at  the  edge  of 
ihe  nail.  The  upper  surface  also  frequently  shows  distinct  parallel 
loiigitndinal  streaks,  appearing  as  the  almost  e^ced  impressions  of 
tfM  lamiaro  bcIoTr. 

The  nail  increases  in  thicknese  from  the  root  to  near  the  free 
•dge,  being  at  least  three  titnea  as  thick  anteriorly  as  posteriorly 

(A  '°  s'o  °^  *°  '"'^'i)- 

Unprt'parod  sections  of  nails  give  very  little  indication  of  any 
gtrucHire  whatever.  But  on  boiling  them  in  dilute  caustic  soda,  they 
at  once  display  a  beautiful  arrangement  of  cells,  like  a  scaly  epi- 
ibeliam,  hut  nucleated;  these  being  flatter  in  the  superficial  than 
in  the  deeper  layer,  and  not  njore  than  one  half  as  thick.  One  or 
SQVeral  layers  of  these  cells  constilut«  a  lamella;  and  the  lamellie 
cloeely  united  and  not  sharply  defined,  form  the  whole  of  the  homy 
substance.  The  greater  hardness  of  nails  as  compared  with  epi- 
dermis, is  said  by  Lauth  to  bo  due  to  a  greater  proportional  amount 
of  phosphate  of  lime  in  the  former. 

The  nails  continue  to  (/row  only  so  long  as  they  are  cut.  Ee- 
maining  uncut,  they  attain  to  the  length  of  one  and  a  half  to  two 
inches,  and  carve  over  the  ends  of  the  fingers  and  toes.  Among 
the  Chinese,  of  whom  the  literary  <;lass  never  cut  the  nails,  the 
length  is,  according  to  Hamilton,  two  inches.  The  growth  takes 
place  at  the  expense  of  the  cells  in  the  Malpighian  layer,  both  at  the 
edge  of  the  root  and  under  the  body  of  the  nail.  Thus,  the  latter 
booomes  longer  and  thicker  at  the  Bame  time.  The  longitudinal 
growth  is,  however,  by  far  the  most  rapid;  since  the  first  round 
oellfi  become  raore  and  more  flattened  and  elongated  as  they  move 
forwards  and  upwards  from  their  first  position. 

The  time  necessary  for  a  nail  to  grow  its  whole  length,  varies  in 
different  parts  from  twelve  to  twenty  or  more  weeks;  and  hence 
thia  length  of  time  is  required  for  the  formation  of  a  new  nail.' 
The  nail  is  thicker  on  its  most  convex  portion  than  at  its  edges. 

If  the  changes  in  the  nail  cells  are  investigated  as  compared  with 
those  of  the  epidermis,  a  striking  sinailority  is  discovered.  1.  The 
original  cell-membranes  (those  of  the  Malpighian  layer)  become 

■  Aaoordiiig  to  M.  Beta,  the  dbILb  of  the  flugera  groir  torn  lioics  as  rapidly  as 
tlUMe  of  tbe  toe* ;  11m  Ihiuab  gmriDg  tiro-fiflhl  of  a  liae  per  week,  snd  its  whole 
Uagtb  io  twentj  wwtka — while  the  nsil  of  the  great  toe  reqairaa  nloetj^iz  iTe«k», 
M  mmrlj  tiro  jean,  to  grow  ill  length.  The  portion  of  a  o&il  growing  during  b 
i>  thinner  than  the  rest,  as  iB  shoini  bv  a  lisosverso  groove  or  depression 
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harder,  and  more  phosphate  of  lime  is  deposited  in  them  or  within 
the  cells.  2.  Like  the  horny  cells  of  the  epidermis,  they  become 
flattened  and  increase  longitudinally  and  tranaveraely.  3.  They 
coalesce  more  completely,  so  that  they  cannot  be  separately  recog- 
nized. But  their  nuclei  do  not  disappear  as  do  those  of  the  epider- 
mis; and  herein  is  a  characteristic  distinction. 

The  nails  are  constantly  suffering  loss  from  friction  and  other 
causes.  Much  of  the  matter  accumulating  under  them  consists  of 
epithelial  cells. 

The  development  of  the  nails  commences  in  the  third  month  of 
intra-uterine  life;  they  not  being  at  first  distinguishable  from  a  soft 
epidermis.  The  ridges  of  the  bed  of  the  nail  are  well  marked  at 
the  end  of  the  fourth  month.  They  cover  the  whole  bed,  and  have 
assumed  the  consistency  of  a  nail  at  five  months,  and  reach  the 
estremitiea  of  the  finger  at  eight  months. 

The  free  edge  of  the  nail  of  the  new-born  infant  is  cast  off  once 
at  least  {Weber  says  many  times),  soon  after  birth;  probably  from 
external  violence  which  it  is  too  delicate  to  resist.  This  free  edge 
appears  to  be  a  nail  of  an  earlier  period,  probably  of  about  the 
sixth  month,  which  haa  been  thrust  forward  in  the  course  of  deve- 
lopment. Six  or  seven  months  after  birth  the  first  set  of  naila  ia 
completely  replaced  by  new  on^  {KolUker);  and  at  two  or  three 
years  the  horoy  layer  is  not  distinguishable  in  appearance  from  that 
of  the  adult. 

Nails,  when  destroyed,  are  aJmost  always  imperfectly  regenerated, 
on  account  of  injury  done  to  the  laminie  and  vessels.  A  rudi- 
mentary nail  sometimes  appears  on  the  second  phalanx  of  a  Soger 
in  case  of  loss  of  the  first.  In  some  rare  cases,  a  periodical  loss 
and  regeneration  of  the  nails  occurs. 

The  hoofs  and  claws  of  the  lower  animals  are  the  analogues  of 
the  nails,  both  physiologically  and  histologically. 

Uses  of  the  ^fails. — The  nails  support  the  pulp  of  the  fingers  and 
toes,  and  thus  conduce  to  the  perfection  of  touch.  They  also  in- 
crease the  power  of  the  fingers  as  prehensile  organs;  and  in  a  state 
of  nature  at  least,  (i.  e.  if  remaining  uncut),  they  become  not  in* 
cient  means  of  attack  and  defence. 

Pathological  Slates  of  the  N'ails, 
Any  abnormal  condition  of  the  bed  of  the  nail  will,  of  course, 
affect  the  growth  of  the  latter.     In  the  lamellated  nails  of  old  peo- 
ple, Kolliker  found  all  the  capillaries  in  the  anterior  segment  of  the 
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bed  closely  filled  with  fat-granules  of  various  sizes.  It  is  an  inte- 
resting  fact,  and  not  well  explained,  that  the  nails  become  deformed 
(curved  toward  the  free  edge),  la  phthisis  aud  cyanosis.  In  the 
rabbit,  it  was  found  by  Steinriiok  tbat  the  diriaiou  of  the  ischtatic 
nerve  caused  the  nails  and  hair  to  fall  ofT. 


SECTION  III. 


Fig.  151). 


Each  hair  consists  of  its  shaft  (scapus),  and  the  root ;  the  former 
including  all  that  projects  free  from  the  surface  of  the  skin ;  the 
tatt«r,  the  portion  beneath  the  surface. 
(Fig.  15y.)  The  bulb  is  the  deepest 
portion  of  the  root,  and  is  from  IJ  to 
3  times  the  diameter  of  the  shafl. 

A.  The  tka/l  in  straight  hairs  is 
rounded  and  straight;  undulated  and 
Battened  in  the  wavy;  and  spirally 
twisted  and  flat,  or  slightly  ribbed,  in 
curly  and  woolly  hairs.  It  consists  of 
1,  the  cortical  or  fibrous  siibslance,  2, 
tlie  nuicle,  and  3,  the  medulla,  which 
i^  however,  often  absent. 

1.  The  filrous  auhslance,  which  con- 
stitntea  the  greater  part  of  the  bulk  of 
the  hair,   is    striated   longitudinally, 
streaked  or  spotted,  and  more  or  less 
colored,  except  in  white  hairs,  in  which 
it  ia  transparent.     The  color  is  some- 
times    pretty    regularly     distributed 
throagh  its  whole  substance;  at  others, 
concentrated  in  a  few  elongated  granu- 
lar spots.     By  the  action  of  hot  con- 
centrated sulphuric  acid,  the  fibrous 
portion  of  the  hair  is  shown   to   be 
made  up  of  flat,  elongated  fibres  of  b^""" 
various  breadths  (go'oo  to  j^^g  of  an   ""i-»"i« 
inch),  of  marked  rigidity  and  brittle-   n^'^ 
neas,  and  with  notched  margins  and  *-  »xcnwj  di 
enda.     In  dark  hairs,  they  have  a  dark   imltxh'!^ 
tinge;    in   pale   ones  they  are   clear,   ">•  •^i"-  "■  ci 
These  fibres  are  not,  however,  the  ulti-   ^.(dibm  wo 
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mate  elements  of  tlie  fibrous  substauce;  each  of  them  consisting  of 
aa  aggregation  of  flat  fosiform  fibre-cells  or  platea — the  plaUs  of  the 
Jibr<na avhstance — jj^  to  jjj  of  an  inch  long,  g^\^  to  -ja^a  ^^  *" 
inch  broad,  and  Tj],^|]a  to  igVn  °^  ^°  inch  thick,  with  uneven  sur- 
faces and  irregular  edges.  They  very  frequently  exhibit  a  darker 
streak  in  the  interior,  snd 
sometimes  contain  granular 
pigment.  In  other  reapecls, 
they  are  homogeneous,  and 
present  no  minuter  elements. 
(Fig.  160.) 

The  dark  spots,  dots,  and 
streaks  of  the  fibrous  portion 
are  of  three  kinds:  I,  granu- 
lar pigment ;  2,  cavities  filled 
■with  air  or  fluid;  3,  nuclei. 
The  pigment  granules  are  de- 
posited in  the  platea  of  the 
hair,  are  especially  abundant 
in  dark  hairs,  and  vary  much 
in  their  size  and  form.  The 
cavities  filled  leith  air  appear 
in  the  form  of  round  dots; 
3Tibtf  •^OtsIdo  of  »°  i'lol'  "1 
diameter;  or  of  longiah  streaks 
tc'oo  °^  ^°  ''"^^  '"  lengtb, 
aid  sTiUn  to  Tsino  of  an  iich 
in  breadth,  running  parallel 
with  the  axis  of  the  hair. 
They  are  most  frequent  in 
white  hairs,  and  often  occur 
in  fair,  bright  brown,  and 
bright  red  hairs,  in  great 
numbers.  They  are  absent 
in  very  dark  hairs,  and  in  the 
root  of  all  hairs.  The  nuclei 
are,  in  dark  haira,  commonly 
connected  with  the  estremi- 
I'tro  to  Tio  of  an  inch  long,  br 


ties  of  the  pigment  spots,  and  are  ^ 


THE  HAIR.  266 

ailao  *o  ininnof  aninch  wide.  Very  similar appearaDces are,  how- 
ever, sometimes  produced  by  the  boundary  hnea  of  the  hair-plates. 

This  description  of  the  fibrous  substance  of  the  shaft  applies 
a\aQ  to  that  portion  of  the  root  which  is  solid  and  brittle.  In  the 
deeper  and  softer  portions,  the  hair-plates  are  less  rigid  and  have 
the  form  of  more  or  less  elongated  cells  with  cylindrical,  straight, 
or  serpentine  nuclei,  easily  rendered  apparent  by  acetic  acid.  Fi- 
nally, in  the  bolb  they  are  merely  round  cells  ,5'gg  to  jd'od  of  an 
inch  in  diameter;  closely  packed  together,  and,  like  the  Malpighian 
layer  of  the  epidermis,  sometimea  containing  colorless  granules,  and 
sometimes  so  full  of  colored  ones  as  to  constitute  true  pigment-cells 
in  appearance. 

The  color  of  the  fibrous  portion  of  the  hair  is  due  partly  to 
granules  of  pigment,  to  some  extent  to  the  air-cavities,  and  partly 
to  a  pigment  blended  with  the  substance  of  the  hair-plates.  The 
granule-pigment  presents  all  shades,  from  clear  yellow  through 
red  and  brown  to  black.  The  last  mentioned,  or  difiuaed  pigment, 
is  quite  absent  in  white  hairs,  and  is  scanty  in' clear  fair  hairs.  It 
is  most  abundant  in  the  more  opaque  fair  hairs,  and  in  red  as  well  as 
in  dark  hairs;  it  alone  sometimes  producing  an  intense  red  or  brown 
color.  These  two  pigments  vary  in  their  proportion ;  but  are  about 
equal  in  very  light  and  in  very  dark  hairs, 

2.  The  cuticle  of  the  hair  is  a  very  thin,  transparent  pellicle  in- 
vesting the  hair,  and  in  intimate  union  with  the  fibrous  substance. 
It  consists  of  but  a  single  layer,  composed  of  plates  arranged  like 
tiles;  and  is  tJon  ^  io'oo  of  ^^  ^^^^  thick.  Each  plate  is  jjj  to 
]|g  of  au  inch  in  the  transverse  direction  of  the  hair,  and  ^ Jg  to 
g|,  in  that  of  its  length  (Fig.  161,  d,  d');  and  is  only  about  j  jJnn 
of  an  inch  thick,  Oa  the  lower  part  of  the  wolf  however,  there 
are  two  layers  of  epidermis.  (Fig,  162,  c,  d.)  The  cells  of  the  outer 
layer  are  thicker  than  those  of  the  inuer,  its  whole  thickness  here 
being  ,^od  to  flo'oo  of  an  inch;  while  the  inner  is  ^^j,t,  ^J  ,,'00  of 
on  inch  thick.  Kolliker  states  that  the  two  layers  of  epidermis  pass 
into  the  outer  nucleated  cells  of  the  "bulb. 

8,  The  medullary  substance  varies  most  of  all  of  the  constituents 
of  the  hair.  It  is  a  cord  extending  in  the  axis  of  the  hair  from 
near  the  bulb  almost  to  the  point.  It  is  usually  present  in  the  thick, 
short  hairs,  and  the  stronger  long  ones,  and  the  white  hairs  of  the 
head;  and  absent  in  the  down  (lamiffo)  and  the  colored  hairs  of  the 
bead.  It  consists  of  from  one  to  five  columns  of  superimposed  cells, 


rectangalar  or  quadrangular,  and  rarely  rouBdcd  or  fuBiform,  -r^ttj 
to  yj'oB  of  an  inch  in  diameter,  containing  dark,  fat-like  grannies, 
and  a  clear  nucleus,  ,jVo  ^  et^ffij  of  an  inch  in  diameter.  The 
granules  are,  however,  not  fat  nor  pigment,  but  merely  air-vesicla. 


Fig.  161. 


Fig.  162. 
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They  vary,  according  to  the  hairs,  from  mloe  ^  eiftsTs  of  ^n  'ich 
in  diameter,  and  occupy  ibe  medullary  cells  in  great  amount,  exist- 
ing both  in  white  aud  in  dark  hairs.  In  the  latter  the  air  appetis 
of  a  brown-red  or  brown  tinge,  from  being  seen  through  the  colored 
fibrous  substance ;  in  white  hairs  it  is  of  a  silver  white.  It  appetn 
certain  that  the  air  may  pass  from  one  air-vesicle  to  another  in  the 
hair.  Just  above  the  bulb,  and  sometimes  also  in  spots  in  the  shaA, 
there  are  some  of  these  air-vesicles,  and  therefore  a  paleness  resulta. 
In  some  hairs,  especially  the  red,  there  is  often  no  definite  line  of 
demarcation  between  the  fibrous  portion  and  the  medulla. 

The  medulla  usually  constitutes  from  one-fifth  to  one-third  of  the 
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whole  diameter  of  the  hair;  being  both  relatively  and  absolutely 
thickeat  in  short,  thick  haira,  and  thinnest  in  the  lanugo  and 
hairs  of  the  head.  It  presents 
a  rounded  or  flattened  figure  in 
transverse  sections.  (Figs.  161,  a, 
and  163.)  Very  rarely  the  me- 
dulla is  double  throughout;  but 
it  is  more  frequently  divided  for 
a  distance  into  two  trunks,  which 
soon  unite  again.  In  the  Ro- 
dentia  (beaver,  squirrel,  &c.)  the 
medulla  is  divided  by  dissepi- 
ments ;  in  the  musk-deer  it  con- 
stitutes the  entire  hair,  except  a 
very  thin  cuticle,  and  in  the  sable 
its  cells  are  very  large.  (Fig.  163.) 
The  hair  of  the  hat  and  the 
squirrel  is  shown  by  Fig.  164. 

B.  The  hair-sacs  are  flask-like 
foUicles,  ^io  to  ^'j  of  an  inch  long, 
extending  into  the  upper  layers 
only  of  the  corium  in  case  of 
the  finest  hairs;  about  one-half 
through  it  in  case  of  those  of 
medium  size;  and  even  through 
to  the  subcutaneous  areolar  tissue 
in  case  of  the  longest  and  strong- 
est (the  whiskers,  on  the  head, 
pubes,  and  axilla;).  They  are 
merely  involutions  of  the  skin, 
at  the  bottom  of  which  the  hair-papilla  is  situated.  They  have  there- 
fore an  internal  epithelium  or  root-sheath,  and  an  external  or  fibrous 
layer;  the  latter  being  continuous  with  the  corium,  and  the  former 
with  the  epidermis.    (Fig.  162,  i,  k,  and  e,f,  g.) 

The  rool-shealh,  or  the  epidermic  investment  of  the  hair-sac,  is 
continuous  with  the  epidermis  around  the  aperture  of  the  sac,  and 
consists  oftwo  layers,  an  internal  and  an  external.  The  ea'^ema? root- 
sheath  (<j)  is  continuous  with  the  Malpighian  layer  (rete  mucosum) 
of  the  skin,  and  rests  on  a  distinct  basement  membrane;  which,  how- 
ever, cannot  be  demonstrated  between  this  and  the  internal  fibrous 
17 
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layer  of  the  hair-sac,  except  on  the  lower  half  of  the  s 


r-sac,  except  on  the  lower  half  of  the  aae.  At  the 
bottom  of  the  latter,  the  cells  of  this  layer  pass  gradually  into  llie 
round  cells  which  cover  the  papilla.  It  is  generally  three  to  five 
times  as  thick  as  the  inner  layer;  containing  from  five  to  twelve 
layers  of  cells,  and  terminating  below  in  a  very  thin  lamella. 

The  inner  root-aheath  (Fig,  1(52,  e,/)  is  a  transparent  membrane, 
extending  from  the  bottom  of  the  hair-sac  over  more  than  two- 
thirda  of  it.  It  is  connected  eiternally  with  the  external  layer  just 
described  (j),  and  internally  with  the  cuticle  of  the  hair;  being,  in 
fact,  blended  with  the  latter  (c,  d).  It  is  very  dense  and  elastic,  and 
consists,  except  in  its  lowermost  part,  of  two  or  three  layers  of  poly- 
gonal, elongated,  transparent,  and  somewhat  yellowish  cells,  with 
their  longitudinal  axes  parallel  to  that  of  the  hair.  The  cells  form- 
ing the  outermost  layer  of  the  two  {or  three),  and  which  alone  was 
formerly  known,  are  elongated  and  without  nuclei.  Those  of  the 
innermost  layer  (Huxley's  layer)  are  also  polygonal,  but  shorter 
and  broader,  and  always  (in  the  lower  half,  at  least,  of  the  root- 


Fig.  165. 
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sheath)  possessed  of  distinct  elongated  nuclei.  (Fig.  165.)  This 
layer,  however,  also  blends  with  the  cells  of  the  hair-bulb,  like  the 
exterior.   (Fig.  162,  m.) 

Finally,  the  pcpilht  of  the  hair  (?)  belongs  to  the  sac,  and  cone- 
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if  ^papilla  of  the  skin.  It  is  ovate  or  fangiform,  g'g  to  ^Jn 
tiff  to  aio  of  an  inch  broad,  and  is  counected  with 
B'tisaue  of  the  sac  by  a  pedicle.  Its  surface  is  perfectly 
smooth,  and  it  consists,  like  the  cutaneous  papilla,  of  an  indistinctly 
6brous  tistiue,  with  scattered  nuclei  and  granules,  but  no  cells.  Nei- 
ther llassall,  Giinther,  nor  KoUiker  has  found  in  it  either  vessels 
or  uervea.  In  some  animals,  howev«r,  the  vessels  may  easily  be 
seen;  and  we  must  not  yet  positively  infer  that  they  do  not  exist 

ftbe  papillie  of  human  hairs  also. 
Chemical  Oompoaition  of  Sair. 
Phis  subject  ia  still  not  sufficiently  understood;  but  the  hairs  are 
chiefly  composed  of  a  nitrogenized  substance  (keratine),  soluble  in 
alkalies,  and  insoluble  in  boiling  acetic  acid.  Mulder  considers  that 
lO  per  cent,  of  sulpharaido  is  combined  with  this  nitrogenized  com- 
pound. Scherer  finds  10  per  cent,  of  the  hairs  to  be  sulphur.  Uairs 
also  contain  a  considerable  amount  of  dark  or  clear  fatty  matter. 
Chemical  analysis  does  not  discover  any  special  pigment,  though 
the  microscope  docs,  as  has  been  seen  (p.  256). 

The  ash  of  hair  amounts  to  1  to  2  per  cent.,  in  which  are  found 
oxide  of  iron  (more  in  dark  hair),  oxide  of  manganese,  and  traces 
of  &ilica.  Jahn  found  phosphate  of  magnesia  and  sulphate  of  alu- 
mina in  white  hairs;  and  copper  occurs  in  the  greenish  hnirs  of 
those  who  work  in  copper  and  brass.  {Laurjin) 

Hairs  withstand  putrefaction  better  than  any  other  part  of  the 
organism.  Even  those  of  mummies  are  found  to  be  quite  un- 
changed. Hence,  also,  the  hair  is  preserved  as  a  cherished  relic  of 
the  departed.  Metallic  oxides  color  it  as  ihey  do  the  epidermis. 
Ilence  the  salts  of  silver  and  manganese  blacken  the  hair,  a  eul- 
phuret  of  these  metals  being  produced.  Chlorine  bleaches  it  after 
prolonged  action. 

Wool  and  bristles  do  not  differ  essentially  in  composition  from 
hair.  Scherer  finds,  however,  that  feathers  differ  much  from  the 
other  horny  tissues,  and  especially  from  hair.  Gorup-Besanez  fouml 
a  considerable  quantity  of  silica  in  feathers. 

^^t  Physical  Properties  of  Hair. 

^^^  The  hairs  are  quite  elastic.  They  stretch,  without  breaking,  to 
nearly  one-third  more  than  their  original  length;  and  if  stretched 
'  'nly  one-fiflh,  they  contract  again  so  perfectly  that  they  permanently 
main  only  ^  longer  than  at  first.   ( Wther)     Still,  their  strength 
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is  great,  thougli  so  extensible.  A  hair  of  the  head  will  support  at 
least  six  ounces  without  breaking. 

The  hairs  readily  imbibe  water,  and  as  readily  give  it  out  agaio; 
hence  they  are  sometimes  dry  and  brittle,  and  sometimes  moist  and 
soft,  according  to  the  amount  of  moisture  the  skin  or  the  atmo- 
sphere contains.  They  are  also  longer  or  shorter,  in  proportion  as 
they  contain  more  or  less  moisture;  and  hence  their  use  in  by- 
grometry. 

The  hairs  become  slowly  colored  during  their  development;  being 
quite  colorless  in  the  embryo,  and  paler  in  youth  generally  than  in 
middle  age.  In  the  adult,  the  palest  are  the  downy  hairs  which 
have  remained,  as  it  were,  in  the  fcetal  condition;  while  the  longer 
ones  are  always  darker,  and  the  darkest  of  all  are  those  of  Hie 
head,  beard,  and  pubes. 

The  durability  of  the  hair  results  from  its  indestructibility  by 
external  agents,  before  alluded  to.  False  hair  may  be  continoally 
worn  for  many  years. 

Distribution  and  Size  of  the  Hain, 

The  hairs  are  distributed  over  every  part  of  the  surface  of  the 
human  body,  except  the  palm  of  the  hand  and  the  sole  of  the  foot, 
the  dorsum  of  the  last  joint  of  the  fingers  and  toes,  the  inner  sur- 
face of  the  prepuce,  the  glana  penis,  the  upper  eyelids,  and  tbe  iipa. 
They  present  differences  in  size  and  number  in  diSerent  regions; 
and  also  according  to  age,  eex,  race,  and  individual  peculiarities. 

In  size,  three  varieties  may  be  mentioned  [Koltiker):  1.  Long, 
soft  hairs,  1  to  3  feet  and  more  in  length,  and  g^^  to  jj^  of  an  inch 
in  thickness;  2.  Short,  stiff,  thick  hairs,  J  to  J  of  an  inoh  in  length, 
and  ^lo  to  y4i5  of  an  inch  thick;  S.  Short  and  very  fine  hairs  or 
down  {lanugo),  ^'«  to  ^  of  an  inch  long,  and  edSjo  to  taVn  thick 
The  first  includes  the  hairs  of  the  head,  beard,  ic;  the  second,  those 
of  the  nostrils  (vibrissas),  the  eyelashes  (cilia),  and  those  in  the  ex- 
ternal auditory  passage;  the  last  includes  the  hairs  on  the  face  gene- 
rally, on  the  trunk  and  extremities,  on  tbe  caruncula  lachrymalis, 
and  those  (often  absent)  of  the  labia  minora,  {ffenle.)  Other  things 
being  equal,  black  hairs  are  the  coarsest,  and  blonde  the  finest. 

On  the  heads  of  females,  the  length  of  the  hairs  has  sometimes 
equalled  that  of  the  whole  body,  and  the  coarsest  hairs  are  also 
found  on  women.  ( Wilson.)  Beards  also  not  seldom  reach  down  to 
the  waist. 

The  hairs  are  not  true  cylinders,  as  usually  supposed,  but  preaent 
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I)  oval  section,  or  aome  form  dtfTeriog  still  raore  from  circular. 
(Fig,  161,  a,  b.)  Those  of  the  scalp  are  the  moat  nearly  cyliDdrical 
in  form. — Nor  are  they  of  equal  diameter  throughout;  but  fusiform 
rather,  and  usually  terminating  in  a  very  acute  point.  Indeed, 
boirs  cut  off  transversely,  become  pointed  again  in  a  short  time; 
apparently  by  the  wearing  away  of  the  more  external  portions  of 
tlie  fibrous  substance. 

The  number  of  hairs  upon  a  given  extent  of  surface  varies  with 
their  color  and  the  particular  part  of  the  body.  On  the  same  ex- 
tent of  surface,  Withof  found  147  black  hairs,  162  brown,  and  182 
blonde.  On  a  surface  one  fourth  of  an  inch  square,  he  found  in 
case  of  a  moderately  hairy  man,  293  hairs  upon  the  scalp,  39  on 
the  chin,  34  on  the  pubes,  23  on  the  forearm,  19  on  the  outer  mar- 
gin of  the  back  of  the  hand,  and  13  on  the  anterior  surface  of  the 
leg.  In  men,  closely  set  hairs  not  unfrequenlly  occur  on  the  chest, 
shoulders,  and  extremities.  At  the  period  of  puberty,  a  sudden 
development  occurs  in  both  sexes  upon  the  pubes  and  axillae;  and 
in  males  on  the  chin,  cheeks,  abdomen,  and  chest  also.  In  a  very 
hairy  man,  mentioned  by  Wilson,'  52  hairs  were  found  on  a  certain 
Burface  on  the  chin,  and  45  on  the  pubes.  Being  married  soon 
after,  there  were  found,  at  the  end  of  four  years,  59  on  the  chin  and 
60  on  the  pubes.  On  all  other  parts  of  the  body  the  hairs  were 
diminished. 

The  hairs  are  implanted  either  singly  or  in  twoa  and  threes,  or 
even  four  or  five  together.  The  last  is  tho  rule  in  the  foetus,  and, 
80  far  as  tho  lanugo  is  concerned,  in  the  adult  also.  The  direcUon 
of  the  hairs  and  hair-sacs,  is  seldom  perpendicular  to  the  skin,  but 
obUque ;  they  being  arranged  in  curved  lines  which  either  converge 
towards  certain  points  or  lines,  or  diverge  from  them  in  two  or  more 
directions.  Hence  result  a  variety  of  figures,  which  Eschricht 
termed  "streams,  whorls,  and  crosses;"  which  are  easily  made  out 
on  the  median  line  of  the  back,  chest,  and  abdomen,  on  the  line 
between  the  thorax  and  the  abdomen,  in  the  axilla,  on  the  scalp,  at 
the  internal  angle  of  the  eye,  and  on  the  elbow.  The  natural  di- 
rection of  the  hairs  is,  in  general,  downwards,  as  shown  especially 
on  the  various  parts  of  the  head.  It  may,  however,  here  be  changed 
by  persevering  eflbrta.  Very  rarely,  two  hairs  are  found  implanted 
D  the  same  hair-sac. 
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Development  of  the  Hairs. 
Haira  are  first  seen  in  the  fcetua,  upon  the  forehead  and  ejebi 
from  the  third  to  the  fourth  month ;  the  first  rudiments  of  the 

sacs  consisting   of    Sask-shaped 
®'       ■  solid  processes  of  the  Malpighian 

layer  of  the  epidermis,  formed 
by  its  growth  inwards.  (Fig.  166.) 
The  internal  eelU  of  these  be- 
come converted  into  a  delicate 
hair,  surrounded  by  its  internal 
root-sheath;  and  the  external  still 
remaining  soft,  constitutes  the 
outer  root-aheath  and  the  hair- 
bulb.  Thus  the  hairs,  unlike  the 
teeth,  arise  at  once  in  their  to- 
tality. {KoUiker.)  The  first  haire 
are  formed  merely  of  elongated 
MK^^^^t^^^m^K"  Qolls  similar  to  the  fibrous  sub- 

,  ^^^^^^^^B^^^^         stance  of  the  later  hairs,  the  me- 
,  ^^A  duUary  cells  being  entirely  ab- 

k  ^^HLi  sent.     The   cuticle   is,   however, 

^IPI  clearly  visible.    The  papilla  is  to 

~~  -  be  regarded  as  an  outgrowth  of 

«.  ffiBfis  biir-»c  HeB  utc^'iT-  ".  ''■  Cniicie   the  fibrous  layer  of  the  hair-sac, 
m™'^irof"hli^t"ptli™'^dft^mC^^^^      analogous  to  the  papillie  of  the 

thsilmamllilplghUisdUiairorlDm.  m.KuoiiiJ-     skin.'    (_Kolliker.) 

h^.  ine   bairs    themselves    never 

appear  under  from  three  to  five 
weeks  after  the  rudiments  jast  described,  e.  y.  at  the  nineteenth 
week,  the  hairs  themselves  are  nowhere  to  be  seen  except  on  the 
forehead  and  eyebrows;  and,  in  the  twenty -fourth  week,  they  are 

■  The  troDsUtors  of  Eulliker'a  woiZc  (Dra.  Bask  and  HuxId?)  adopt  Roicherl'i 
view  of  the  development  of  the  Lair,  viz.,  that  it  results  &om  the  oomlGvallon  of 
a  dermic  p«pilln,  itad  regiird  a  hair  hb  boroologoiis  with  a  lootk,  In  all  its  part*. 
"  The  aabgtaace  of  the  shaft  oorreiponda  with  the  donline,  offuring  even  ruiiinienl- 
ar;  tDbea  in  its  aerifenma  oavitles ;  tbe  inner  layer  of  tb«  ouliolo  answen  to  th» 
enamel,  the  outer  to  Nasmylb's  membrane,  and  whoever  will  compare  theae  slrac- 
tores  will  be  strnck  by  the  similarity  even  in  llieir  nppearance.  Tlie  aae  amwFis 
to  the  dental  cnpsnle ;  the  onter  root-sheath  to  the  layer  of  opjtbeliiim  (eaamal 
organ)  next  the  oa]isQle :  the  fenealratod  mambrfine  to  the  Btellalti  tissue,  and  wliii 
ProtMSOr  Eiilliker  ualk  '  Huxley's  lajer,'  to  the  oolnanar  epithelial  layer  of  tb« 
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uot  yet  developed  on  the  baud  and  foot,  and  on  some  parts  of  the 
forearm  and  leg.  To  some 
parts,  the  hairs  penetrate 
the  epidermis  as  soon  as 
formed  (on  the  eyebrows 
and  eyelashes);  in  others, 
Uieir  points  engage  ob- 
'Uqnely  between  the  pro- 
per epidermis  and  the  Mal- 
pighian  layer,  and  grow 
for  a  time  under  the  for- 
mer— as  on  the  cheat,  ab- 
domen, back,  and  extre- 
tniliea.  The  ?anuyo  is  fully 
dereloped  in  the  twenty- 
third  to  the  twenty-fifth  o-^i-po-oi  of  h«ir  i«r.htow.)-  i  K"i  -tmtiou  uf 
week.  It  graaually  ac-  orib.i>iiir,ibn|»iDtiiDtT>i.piM.ni.gkbon  ihaikin.  c. 
quires  a  darker  color ;  be-    ''■"'"° ,'"!'' ',". '"""'""-  "■  P"'"!"  "f  'Jiin-  *  ^''^ 

*  '  turn  Mil  pi  gli  11  otio.   c.  ObIU  tool-sbHIh.    d.  luinrtool- 

commg  even  almost  black  •bmii.  ..  Buih,  /.  eumn,  g-  fnim  »r  iha  h«ir.  k.  rm- 
on  the  head,  before  birth  ['^"'^bi^'"^";^^.""'"''""'  "' ""  '^''"""""""'  "' 
in  some  cases.     A  small 

portion,  however,  falls  off,  is  swallowed  by  the  fcetus  with  the  liquor 
amnii,  and  thus  ap[>ears  in  the  meconium.  Fig.  167  shows  the  pro- 
gress of  the  development  of  the  haira. 

The  hairs  are  shed  after  birth,  new  ones  forcing  out  and  taking 
the  place  of  the  old  ones.  The  new  are  formed  in  processes 
shooting  off  from  the  original  hair-sacs.  KtiUiker  discovered  and 
first  propounded  this  law,  though  it  is  not  yet  certain  that  all  the 
hairs  fall  out,  nor  at  what  precise  period  after  birth.  The  hairs  of 
the  head  in  many  children  are  known  to  fall  out  within  the  first 
two  to  six  months.  The  stages  of  development  of  the  new  hairs, 
aa  well  as  the  relation  of  the'  hairs  to  the  sebaceous  follicles  already 
alluded  to  (p.  227),  is  shown  by  Figs.  168  and  135. 

The  periodical  shedding  of  the  hairs  of  the  lower  animals  is  pro- 
b«bly  secured  in  the  same  way;  new  ones  being  formed  in  the  old 

tirfamou  aJamantiitrt"  (p.  190).  Without  preoisel;  Adopting  all  the  analofiefl  juct 
i{n«t*d,  we  admll  that  a  Iiair  ia  ri-ry  aoalogoos  to  a  tooth  ;  for  we  regard  a  tooth  as 
wM  ti  a  hair,  aa  being  eassntially  an  apklermic  (epithelial)  prodactiou.  Tim 
maniin'  in  which  the  hain  bll  out,  and  are  atioceeded  by  otben,  tihovs  (ae  whII  aa 
their  deTsloptnent),  that  tbey  are  the  atuUogiiei  of  the  teeth  oti  the  uuu  h<uid,aud 
—•of  tlic  epJcmui  on  the  other. 
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sacs,  and  thus  displacing  the  first  hairs,  after  cutting  off  their  supply 

of  nourishment.     The  striking  analogy  in  these  particulars  of  the 

hairs  to  the  teeth,  will  become  ap- 

''8'   "  parent  when  we  come  to  speak  of 

the  development  of  the  latter. 

Before  the  old  hair  falls  out,  it 
becomes  entirely  horny  in  conaiat- 
ence,  and  its  bulb  is  no  longer  soft 
and  cellular,  but  solid  and  fibrous 
like  the  abaft,  with  a  clavate  en- 
largement. (Fig.  169.) 

This  condition  marks  the  end  of 
development  and  of  growth;  and 
all  hairs  which  fall  out  present  it. 


d  th*  inlemiplc^  Uiid 
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And  since  it  is  certain  that  in  full  health,  the  haira  are  constantly 
falling  out,  doubtless  the  formation  of  new  oues,  as  just  described, 
19  also  simultaneously  taking  place.  Hence  not  iinfrequenlly,'two 
hairs  are  seen  coming  out  of  the  3am.e  aperture,  as  before  stated — 
the  old  and  the  new  one.  Whan  a  hair  is  pulled  out,  however,  it 
breaks  off  just  above  the  bulb,  and  another  is  produced  from  the 
latter  directly,  as  at  first  Heusinger  found  that  on  pulling  out  the 
whiskers  of  dogs,  they  were  reproduced  in  a  few  days  from  the  old 
sacs.  And  when  the  hairs  fail  out  after  sickness,  it  is  probable  that 
they  are  reproduced  from  the  old  sacsa,  since  the  latter  remain  for 
a  long  time.  {E.  K  Weher) 
* 

^Usea  and  Physiohrpcal  Relations  of  ike  Hair, 
The  uses  of  the  hair  are  various,  depending  partly  upon  its  phy- 
sical and  partly  on  other  characteriatice, 

1.  The  hair  is  for  protection,  whether  against  cold,  or  other 
agents,  as  on  the  head,  &c.;  against  exposure  to  light,  as  in  case  of 
the  eyebrows. 

2.  It  is  for  concealment,  as  on  the  pubes,  &c. 

8.  It  prevents  the  ingress  of  foreign  bodies  into  the  passages 
opening  externally;  as  the  vibrissie  of  the  nostrils,  the  cilia  of  the 
eyelids,  and  the  hairs  sometimes  existing  in  the  external  meatus 
auditor  i  us. 

4,  The  hair  gives  character  and  expression,  as  the  beard ;  which 
is  also  protective  against  changes  of  temperature  in  circumstances 
requiring  its  agency  in  this  respect.  A  tendency  to  afifectiona  of 
the  bronchial  mucous  membrane  is,  therefore,  frequently  removed 
by  allowing  the  beard  to  grow. 

5,  The  hair  is  for  ornament,  as  that  of  the  head. 

The  hairs,  like  the  nails,  grow  again  if  cut  or  worn  away;  other- 
wise they  remain  at  their  typical  length  in  the  various  parts  of  the 
body.  Berthold  found  the  hairs  of  the  heads  of  females  from  16  to 
24  years  old,  grew  about  7  lines  a  month.  If  the  beard  were  shaved 
every  12  hours,  it  would  grow  to  from  5}  to  12  inches,  and  if  every 
24  hours,  to  from  6  to  TJ  inches,  per  annum.  Shaving  once  in  S6 
hours  would  reduce  the  annual  growth  to  from  4  to  6J  inches. 
The  beard  grows  j  faster  by  day  than  during  the  night;  and  in 
18  days,  about  ^g  more  in  summer  than  in  winter.  Kcilliker 
supposes  that  each  sac  is  supplied  by  the  vessels  of  the  papilla 
vi^  a  safficiency  of  nourishment  to  develop  the  hair  to  its  typical 
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lenglh,  and  to  keep  the  wbole  hair  in  a  state  of  moisture  and  ti- 
tality  ;  and  that  if  the  hair  be  cut,  the  then  superfluous  amount  of 
nourishment  develops  the  hair  till  it  again  attains  to  the  previous 
length.  This  is  equivalent  to  saying  that  the  hair-aacs  have,  each, 
the  power  to  develop  a  hair  of  a  determinate  length,  it  being  aUo 
the  function  of  each  to  maintain  this  length ;  so  that  if  the  hair  is 
cut,  it  again  attains  to  it.  Kiilliker  states  that  cut  hairs  do  not  pro- 
duce new  points,  while  others  have  asserted  the  contrary.  When- 
ever  they  become  pointed  again  after  being  cut,  as  is  quite  certain 
in  many  cases,  it  is  doubtless  from  mere  mechanical  causes  already 
suggested,  and  not  from  developmental  agencies.  The  growth 
takes  place  in  the  hair-sac,  and  at  the  root;  the  shaft  being  thus 
constantly  protruded,  till  the  hair  attains  its  normal  length. 

Though  the  hairs  are  not  vascular  they  are  not  a  dead  substance. 
Fluids  are,  doubtless,  cHused  through  them  which  serve  for  the 
maintenance  of  their  vitality,  ascending  from  the  bulb  through  the 
fibrous  portion  and  the  medulla  to  every  part,  probably  by  mere 
imbibition.  After  accompliahiug  their  object,  they  pass  off  by  eva- 
poration, and  another  supply  is  afforded.  From  without,  the  hair 
can  absorb  fluids  only  in  the  form  of  vapor.  The  oily  matter  of 
the  sebaceous  follicles  is  spread  upon  the  cuticle  of  the  hair,  bui 
does  not,  probably,  penetrate  it  at  all;  nor  is  there  any  greasy  flaiJ 
afforded  within  by  the  medullary  cells. 

The  existence  of  air-^-esiclys  in  the  medullary  axis,  can  arise  only 
frOiU  a  diminished  supply  of  the  fluids  from  the  sac,  compared  with 
the  amount  evaporated.  It  is  thus  due  to  a  partial  drying  up  of 
the  hair.  The  fibrous  portion  appears  to  be  the  most  actively  nou- 
rished, and  is  the  most  rich  in  fluids,  though  comparatively  so  hard. 
Gray  hairs  contain  more  of  the  air-vesicles,  and  to  them  its  silvery 
appearance  is  due.  That  their  vitality  is  not,  however,  essentially 
diminished,  ia  proved  from  the  fact  that  they  grow  rapidly  when 


Thus  the  hairs  live,  and  must,  of  course,  be  modified  in  their  de- 
velopnient  and  growth  by  the  vital  conditions  of  the  skin.  The 
condition  of  the  hair  is,  therefore,  an  index  of  that  of  the  akin.  If 
they  are  soft  and  shining,  it  may  be  inferred  that  the  skin  is  tur- 
gescent  and  active;  if  dry  and  harsh,  that  it  is  in  a  collapsed  and 
inactive  condition. 

Any  essential  modiflcatioD,  therefore,  in  the  circulation  of  tbe 
akin,  and  hence  of  the  blood  supplying  the  hair-saca,  modifies  the 
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coiiditioD  of  the  hair.  Thus  it  may  fall  out  after  sickness,  espe- 
cially from  fevers.  In  old  persons,  also,  it  falls  out,  probably  from 
an  obliteration  of  the  vessels  of  the  hair-sacs. 

The  process  of  whitening  of  the  hairs  (gray  hairs)  is  very  ob- 
scure. Its  immediate  cause  is  chiefly  a  decoloration  of  the  fibrous 
portion  of  the  hairs,  and  an  increase  of  the  air- vesicles ;  but  bow 
tliis  is  produced  is  not  understood.  Intellectual  activity,  grief, 
nervous  influences,  and  old  age,  are  certainly  concerned  in  it.  The 
rapidity  with  which  this  change  may  be  cflected,  also  testifies  to  the 
vitality  of  the  hair;  cases  having  occurred  in  which  it  has  become 
gray  within  a  few  hours,  under  the  influence  of  violent  emotions.' 

Dzoodi  and  others  have  succeeded  in  transplanting  hairs  with 
their  sacs. 

The  fact  that  the  hairs  of  the  head  may  become  erect  under  the 
ioflaence  of  powerful  emotions,  is  usually  associated  with  the  cutis 
aruerina,  so  called.  We  should,  however,  associate  it  with  the  fact 
established  by  Eylandt,  that  the  hair-sacs  of  various  parts  of  the 
body  have  smooth  muscular  fibres  inserted  into  them,  and  which 
he  has  termed  the  arreclores  pili. 

The  presence  of  sulphur  in  hair  accounts  for  the  pecuhar  odor 
evolved  by  its  combustion.  The  various  hair-dyes  also  act  by 
combining  with  it,  and  producing  a  sulphuret  of  the  metal  they 
respectively  contain,  as  silver,  manganese,  &:c.  The  nitrate  of  silver 
is  most  frequently  used  (p.  257), 

Pathological  Stales  and  Developments  of  the  ffair. 
There  may  be  an  excessive  growth  or  a  falling  out  of  the  hairs. 
They  may  also  be  developed  in  abnormal  directions,  aa  is  often  seen 
on  the  head.  They  may  be  found  abnormally,  on  even  mucous  Bur- 
fkces.  Ilairs  have  been  developed  in  the  intestines,  the  gall-bladder, 
in  ovarian  cysts,  in  steatomatous  and  encysted  tumors,  and  in  the 
lungs  even,  (i/o/ir's  case.)  They  are  often  largely  developed  on 
moles  and  nrevi.  In  all  these  cases  they  possess  sacs  and  root- 
sheaths,  and  in  all  respects  a  normal  structure.     Indeed,  since  they 

■  A  C&i>tiLiD  P.,  of  Vermont,  tras  caplnrKd  by  a  partj  of  British  soldiers  in  1813 
no  the  Cauailiaii  frontier,  ond  pat  under  gnanl  Id  the  evening,  with  the  ssSDraQcp 
that  he  wonld  be  shot  the  next  niomiog.  Whea  the  appointed  time  had  arrived 
U*  hafr  h&d  entlrclf  cbnnged  (rora  it  jet  black  to  gnj. 

Dr.  J.  W-  Riohktdi,  ol  New  Tork  aljr,  mentioned  to  the  anthor  a.  ana  wlioae 
hairelungcd  trma  %  jet  bloek  l«  gray  and  ba-ek  again  three  timet  in  the  coarse  of 
IM  jau*.  Va  csiue  oould  be  assigned.  He  Tas  in  perfect  health,  and  not  of  an 
d  the  change  began  at  the  age  of  thirtjr-GTe  jeii.it. 
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are  an  epithelial  production,  v/e  should  not.be  unprepared  to  find 
them  wherever  an  epithelium  exists,  though  they  have  not  been 
found  on  the  aaroua  membranes. 

No  haira  are  developed  upon  cicatrices  on  the  skin. 

The  falling  out  of  the  hair  of  the  head,  constitutes  baldness 
(alopecia).  When  due  to  an  atrophy  of  the  hair-sacs,  remedies  are, 
of  course,  of  no  avail.  One  cause  of  its  far  greater  frequency  in 
men  than  in  women,  is,  very  probably,  the  style  of  hat  ao  genei^ly 
worn,  especially  in  thia  country;  and  which  by  its  stiffness,  its  form, 
and  its  heating  powers,  at  the  same  time  banishes  all  comfort,  and 
violates  the  principles  of  good  taste,  common  sense,  and  physiolo- 
gical science. 

Some  diseases  of  the  hair  are  produced  by  vegetable  parasites 
(fungi)  in  the  interior  of  the  hair  itself.  This  is  the  case  witb 
herpes  (or  tinea)  tonsurans  (Orubi/);  and  Dr.  Jenner,  of  London,  has 
shown  that  the  sulphurous  acid  deatroys  the  parasite  and  cares  the 
four  varieties  of  this  disease.'  In  porrigo  decalvans  {Wrltan),  the 
fungus  is  under  and  around  the  cuticle  of  the  hair,  (ffru&y.) 

lu  plica  Polonica,  in  which  the  hair  becomes  matted  together, 
and  appears  even  sensitive,  a  fungus  is  developed,  according  to 
Guensberg  and  Walther,  in  the  bulb  and  shaft  of  the  hairs,  and 
partly  destroys  them.     Muuter,  however,  found  no  such  fungus. 
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YELLOW    FIBROUS   TISSUE. 


The  yellow  fibrous  tissue  (elastic  tissue),  presents  three  varietiei 
of  form: — 

1.  The  most  common  form  consists  of  solid  fibres  of  a  yellowish 
color,  bifurcating  or  even  trifurcaling,  and  anastomosing  very  freely; 
curled  or  coiled  up  at  their  extremities,  and  sometimes  being  coiled 
around  other  tissues.  These  fibres  vary  from  jthn'!  ^  jo'no  °^  ^ 
inch  in  diameter,  and  are  often  studded  with  nuclei.  More  or  leas 
of  them  are  always  found  in  connection  with  the  white  fibrous  tis- 
sue. (Fig.  170,  A,) 

2.  Another  form  found  by  Queckett  in  the  ligamentum  Duchffi  of 
the  girafic,  consists  of  similar  coiling  and  bifurcating  fibres,  each 


'  Tioe*  faroai,  lonaurana,  decsilraaa,  nnd  sycos 
1SG4,  p.  240. 
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being  m&rked  with  transverse  striie,  not  extending  qnite  across 
tfaem,  but  being  principally  confined  to  the  centre  of  each.  Kulli- 
ker  asserts  that  this  appearance  is  due  to  the  formation  of  little 
cavities  within  the  fibres.  (Fig,  170,  B.) 


Fig.  170. 


3.  The  third  variety  consists  of  flat,  rather  broad,  somewhat 
brittle,  and  much  ramifying  bands  (Fig.  171),  often  so  arranged  as 
to  form  a  network  (or  in  the  form  of  the  finest,  straight  threads 
(Fig.  172),  as  in  the  peritoneum  of  some  young  animals),  as  found 
in  the  middle  coat  of  arteries. — The  elastic  fibres  studded  with 
nuclei  have  been  called  nuclear  fibrts.  But  all  may  have  been  so  at 
first;  at  least  the  largest  were  originally  as  small  as  those.  (Fig.  173). 

Elastic  fibres  cannot  be  isolated  for  examination  by  mere  mecha- 
nical means,  since  they  never  occur  independently  of  other  histo- 
logical elements.  They  always  appear  where  the  white  fibrous 
tissue  exists,  and  are  often  blended,  as  in  the  middle  coat  of  arteries, 
with  the  smooth  muscular  fibres.  The  last  two  elements  may,  how- 
ever, be  removed  by  boiling  with  acetic  acid,  and  then  adding  a 
dilute  solution  of  potash,  when  the  isolated  elastic  fibres  remain. 
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The  elastic  fibres  are  arranged  in  three  principal  rorms  in  the 
various  organs:  1,  wide-mealied  or  intricately  formed  nets  with 
hook-like  indentations,  and    forming  considerable   masses;   2,  as 


Fig.  171. 


Fig.  172. 


bundles  of  fibres  nearly  parallel  (as  in  certain  ligaments),  or  twining 
around  other  tissues  in  a  spiral  manner;  3,  forming  a  fenestrated 
membrane  with  tolerably  large  intervals,  as  in  the  arteries. 

When  the  yellow  elastic  fibres  form  masses,  as  in  the  ligaraentuai 
nucha;,  ic,  no  nerves  or  lymphatics  are  found  among  tbem.  The 
vessels,  comparatively  few  ia  number,  lie  between  the  fibres  and 
parallel  to  them,  much  like  those  of  tendon.  (Fig.  170,  d.)  The 
connecting  branches,  however,  are  not  transverse,  but  pasa  off  at 
angles  of  about  40° ;  so  that  the  spaces  inclosed  by  the  vessels  have 
a  somewhat  rhomboidal  outlioe. 


Chemical  Composition  of  Elastic  Tissue. 

The  investigations  of  chemists  have  not  yet  led  to  any  very  ac- 
curate knowledge  of  the  composition  of  this  tissue,  and  ita  general 
chemical  relations. 

Cold  acetic  acid  does  not  aa%  upon  it;  and  therefore  displays  it 
when  blended  with  white  fibrous  tissue,  by  dissolving  the  latter,  and 
thus  isolating  the  former,  ^lulder  and  Dundas  found  the  fibres 
entirely  unchanged  after  boiling  forty  hours,  and  obtained  no  gela- 
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tioous  substance  from  them.  Scbercr  states  that  elastic  tissue  is 
proteine  plus  two  equivalents  of  water  (Pro+2HO),  Robin  and 
Verdeil  have,  however,  found  in  it  a  peculiar  immediate  principle, 
which  they  have  called  elaeticino  (p.  lOO). 

Elastic  tissue  is  unafiected  by  all  the  weaker  acids,  and  is  not  dis- 
solved by  the  gastric  fluid.  It  resists  decomposition  longer  than  any 
oth«r  soft  and  moist  tissue.     Its  ash  constitutes  17  per  cent,  of  it. 

Properties  and  Uses  of  Elastic  Tissue. 
The  yellow  fibrous  tissue  manifests  no  vital  properties,  except  so 
far  as  to  secure  and  maintain  its  own  developmeut.  As  a  con- 
stituent part  of  the  oi^aniam,  it  manifests  only  pht/sical  properties; 
of  which  its  extensibility  and  elasticity  are  the  peculiar  and  essen- 
tial ones.  It  is,  however,  also  flexible,  and  considerably  ttrong. 
Mr.  Queckott  found  that  the  ligamentum  nuchae  of  a  giraffe,  6  feet 
nnd  2  inches  in  length  during  life,  contracted  at  once,  on  being 
removed,  to  4  feet;  and  that  an  immense  force  was  required  to 
stretch  it  again  to  5  feet.'  The  elasticity  of  this  tissue  is  preserved 
for  almost  an  unlimited  period ;  it  being  revived  by  the  application 
of  water  after  the  fibres  have  been  long  kept  in  a  dried  state. 

Uses. — The  yellow  fibrous  tissue  is  useful  by  reason  especially  of 
its  extensibility  and  elasticity.  Whenever  a  tissue  is  required  pos- 
sessing these  properties,  as  in  extensible  ligaments  (the  ligamentum 
nuchae,  chorda)  vocales,  kc.)  and  in  the  bloodvessels,  this  is  the  one 
found.  Its  properties,  indeed,  arc  very  similar  to  those  of  gum- 
elastic,  except  that  it  is  much  stronger.  Its  use  in  each  particular 
[)art  or  organ  will  at  once  be  inferredj  therefore,  from  the  following 
account  of  its  distribution  in  the  various  organs  of  the  human  body. 

Diatrihtition  of  the  Telhw  Fibrous  Tissue, 
The  yellow  elastic  tissue  forma  the  greater  portion  of  the  follow- 
ing structures :  the  ligamentum  nuchrc,  the  ligamenta  subflava,  the 
crico-lhyroid  and  the  thyro-hyoid  membranes,  the  thyro-arytenoid 
ligaments  (chorda;  vocales),  the  stylo-hyoid  ligament  {ffasealt),  the 
longitudinal  bands  of  the  trachea  and  bronchi,  the  internal  lateral 
ligament  of  the  lower  jaw,  and  the  ligamentum  suspensorium  penis. 
U  is  also  found  at  the  base  of  the  epiglottis,  and  the  fascia  trans- 
j[enalia  ia  composed  in  great  part  of  it.    It  combines  with  the  white 


^^enalia  la  cot 
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The  weight  of  the  eDlirv  ligamout  was  more  tban  8  pounds. 
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GbrouB  tissue  to  form  tbe  areolar  tissue,  wherever  found;  and  of  the 
third  form  of  it  the  middle  coat  of  the  Jarge  arteries  is  almost  ex- 
clusively, and  that  of  the  smallest  in  part,  formed.  It  also  abounds 
between  the  air-cella  of  the  lungs. 

None  of  the  preceding  structures  are,  however,  formed  of  the 
elastic  tissue  alone.  E.  g.  between  the  yellow  fibres  of  the  liga- 
raenta  subflava,  "which  are  not  collected  into  either  fasciciH  or  UtmelUt, 
but  are  continuously  connected  throughout  the  entire  thickuess  of 
each  yellow  ligament,  there  is  interposed  some  white  fibrous  tissue; 
upon  the  whole  in  small  quantity,  but  demonstrable  in  every  pre- 
paration, and  occurring  in  the  form  of  lax,  undulating  fasciculi, 
which  are  arranged  parallel  with  the  principal  direction  of  thj 
elastic  fibres."  {Kdlliker,  p.  264.) 


the. 


Distribution  of  the  Elastic  Tissue  in  the  Lower  Animals. 

In  all  the  vertebrated  classes  this  tissue  is  found  in  the  same 
localities  as  in  man,  and  in  some  places  besides — as  iu  the  ligaments 
of  the  cat's  claw,  and  in  the  alary  membrane  of  the  mammals. 

In  large  animals,  as  the  elephant  and  rhinoceros,  the  yellow  fibrous 
tissue  is  employed  in  the  form  of  a  belt  to  support  the  abdominal 
parictes.  {Queckelt.)  In  the  liganientura  nuchie  of  the  giraffe,  before 
alluded  to,  the  fibres  are  marked  with  transverse  striie,  extending 
through  about  the  central  third  of  their  width.  The  internal  por- 
tions were,  however,  made  up  entirely  of  the  common  plain  fibrcfl. 
Similar  striated  fibres  also  are  found  in  the  rhinoceros,  and  the 
sheep;  and  even  in  arteries. 

A  variety  of  this  tissue  constitutes  the  ligament  supporting  the 
expanded  wings  of  the  larger  birds,  as  the  eagle,  crane,  heron,  Ac. 
It  also  exists  in  the  lungs  of  hirds. 

It  is  a  ligament  of  elastic  tissue  which  in  the  bivalve  moUusca 
keeps  the  valves  open  whenever  the  adductor  muscle  ceases  to  cloee 
them  by  its  contraction.  In  the  oi/ster  this  tissue  is  placed  within  the 
hinges,  and  therefore  is  compressed  whenever  the  valve  is  closed. 
Hence  the  coinpresaed  elastic  tissue  forces  the  valves  apart  when 
the  muscle  ceases  to  keep  them  closed.  In  the  cockle  the  elastic 
tissue  is  placed  externally  to  the  hinge,  and  being  stretched  when 
the  valves  are  closed,  pulls  them  open  by  its  elasticity  whenever  the 
adductor  muscle  ceases  to  act. 

The  form  of  this  tissue  occurring  in  the  middle  coat  of  arteries, 
was  found  in  that  of  the  aorta  of  a  whale  to  be  IJ  inch  thick;  the 
diameter  of  the  vessel  being  12  inches,  and  its  length  over  50  feet. 

Dei-ehpment  of  Elastic  Tissue. 
The  supposition  of  Schwann,  that  this  tissue  is  developed  from 
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oeHs,  receives  increasing  support  from  recent  investigations.  These 
are  peculiarly  fusiform  or  stellate,  sharply-pointed  cells,  producing 
long  fibres  or  reticulations  by  their  coalescence.  The  nuclei  some- 
times remain  in  the  elongated  or  fibriform  cells,  and  thus  the  latter 
have  been  termed  nuclem  JUirea.  {Oerher.)  In  other  cases  all  traces 
of  the  nuclei  disappear,  and  perfectly  homogeneous  fibres  or  net- 
works are  produced.  These  may  remain  fine  through  life  as  at 
first,  or  become  coarse  by  increase  in  thickness.  VThen  once  per- 
fectly developed,  the  fibres  undergo  very  little  change ;  though  so 
long  as  the  nuclei  or  other  indications  of  the  original  cells  still 
appear,  a  certain  amount  of  metamorphosis  and  repair  may  take 
place  (p.  269). 

It  ia  the  development  of  the  nuclear  JSn-ea  almost  alone  that  has 
been  accurately  examined ;  and  KoUiker  has  demonstrated  that  they 
are  formed  from  fusiform  cells, 

TS-oD  to  bJd  of  aa  iict  in  length,  ^«-  "^-  ^^-  "*" 

which  first  appear  in  the  fcetus  of 
from  two  to  three  months  (Fig. 
ITS),  the  fibres  of  the  white  fibrous 
tissoe  being  already  well  formed. 
In  the  fcetus,  at  birth,  the  cells 
have  so  elongated,  and  coalesced 
into  a  network,  that  they  can  no 
longer  be  isolated  as  before. 

What  is  asserted  of  the  nuclear 
fibres  also  holds  good  of  the  larger 
elastic  fibres ;  for  there  is  reason 
to  believe  that  all  these  have  at 
one  time  been  nuclear  fibres.  In 
foot,  there  is  not  a  single  true  elas- 
tic  fibre  in  the  new-bom  child ; 
nnce  even  those  of  the  ligament- 
am  DQclue,  &C.,  when  largest,  are 
not  more  than  Tjinu  to  Tfliou  of 

an  inch  in  diameter  (Fig.  174),  and  „  ^^    ,    . 

from  these,  doubtless,  the  coarse  from  the  uDdo-Achiiui.  a.  or » tow  montiu- 
fibres  ar*  subsequently  developed.  ::;,'.t«.*J™"™.«"!:^;'«.™ 
In  some  places,  even  in  the  adult,  ddiiki  b^  iw«  ud  thnH.  (if>('d  ix  dmu.) 
the  original  condition  of  a  system  ^'^'^  !^,'rJ."^l^°Ir?'„-: 
of  canals  (tabular  cells)  is  still  to  um  tiiikiiL-iU|>ii*duo<uui'r>.  irmtr.) 
16 
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some  extent  retained.  But  it  by  no  means  follows,  as  Tireliow 
asserts,  that  all  the  nuclear  fibres  are  hollow  tubes  lor  the  nutrition 
of  the  white  fibrous  tissue  blended  with  the  elastic.  On  the  con- 
trary, Kiilliker  raaintaius  that  all  fine  elastic  fibres,  which  no  longer 
present  any  traces  of  the  original  cell,  are  solid,  and  are  useful  only 
so  tar  as  they  are  elastic — as  those  of  the  areolar  tiasue,  of  the  co- 
riura  of  the  akiu  and  serous  a.nd  mucous  membranes,  of  the  fascia, 
the  perimysia,  the  periostea,  the  dura  mater,  and  the  walls  of  vessels. 
For  the  cornea  alone,  where  the  elastic  tissue  remains  in  quite  au 
embryonic  condition,  does  he  adopt  Virchow'a  hypothesis.  In  any 
instance  or  any  part  where  the  elastic  tissue  is  still  undeveloped, 
this  may  be  the  case  also;  but,  if  so,  this  result  is  secondary  and 
incidental,  and  not  the  definite  object  of  the  tissue  under  consi- 
deration, as  Yirchow  maintains.  Donders  maintains  that  all  cell- 
membranes  consist  of  a  substance  identical  with,  or  at  all  event* 
very  similar  to,  elastic  tissue.  This  opinion  rests,  on  the  one  band, 
on  the  supposed  development  of  elastic  tissue,  and  especially  of 
nuclear  fibres,  from  the  walls  of  cells;  and,  on  the  other,  on  the 
circumstance  that  certain  membranes  and  textural  elements,  which 
in  their  physical  and  chemical  properties  closely  approximate  tit 
elastic  tissue  (e.  g.  nerve-sheaths),  may  be  found  to  be  formed  from 
cell -membranes.  [Lekmann.)  We  cannot,  however,  accept  this  view 
in  its  general  application ;  for  the  walls  of  very  young  cells,  of 
cytoid  corpuscles  and  blood-cells,  and  the  cells  of  the  deepest  layers 
of  compound  epithelia,  are  readily  soluble  in  acetic  acid  and  in 
very  dilute  alkalies. 

If  the  elastic  tissue  is  removed  or  destroyed,  it  is  twt  regeneraied ; 
but  an  imperfect  areolar  tissue  takes  its  place.  Pathological  new 
formations  of  it  are,  however,  not  rare. 

The  growth  of  the  yellow  fibrous  tissue  is  secured  by  au  increosi^ 
in  size  of  each  fibre,  as  well  as  by  the  formation  of  new  ones,  doubt- 
less. ■  Kiilliker  found  that  the  fibres  in  the  ligamentum  nuchieof 
the  calf  are  considerably  finer  than  those  of  the  ox;  and  that  in 
the  new-born  child  not  a  single  true  elastic  (coarse)  fibre  exists,  bm 
only  the  nuclear  (fine)  fibres. 

PaOwhgkal  New  Farmatwns  of  Elastic  Tiaeue. 

Fibres  of  this  tissue  often  occur  in  pathologieal  epigeneses,  in  great 

numbers  and  in  considerable  masses ;  the  contiguous  fibres  beinj! 

also  interwoven  into  a  close  and  fine  lattice-work,  presenting  tlie 

same  morphological  conditions  as  coagulated  (fibrillated)  jthrine,  and 
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for  which  the  finer  fibres  may  be  mistaken.  They  are,  however,  at 
ODoe  distinguished  by  their  uncbaogeableness  under  the  action  or 
acetic  acid  and  dilute  Bolutions  of  the  alkaline  carbonates. 


CHAPTEB  111. 


WHITE   FIBROUS  {COLLAOKSOtJS)  TI88UE. 


MdcH  confusion  haa  resulted  from  the  blending  together  by  au 
tbors,  in  their  descriptions,  of  the  white  and  the  yellow  fibrous 
tissues,  under  the  name  of  conmxliw  ttssjte,  Kolliker  includes  under 
the  latter  designation  the  white  fibrous  tissue  on  the  one  hand,  and 
on  the  other,  as  mixed  with  it,  elastic  fibres,  fat-cells,  cartilage-cells, 
and  pigment- eel  Is  of  difiercnt  kinds.  Lehmaun  regards  connective 
tissue  and  areolar  tissue  as  being  the  same,  and  both  as  feeing  iden- 
tical with  the  white  fibrous  tissue;  the  areolar  tissue  being  its  amor- 
phous (or  loose — Kulliker),  and  the  connective  tissue  the  formed  or 
solid  variety. 

True  connective  tissue,  or  that  which  connects  together  diflercnt 
parts  and  organs,  is  almost  invariably  found  to  consist  of  two  or 
more  distinct  tissues  interwoven,  of  which  the  white  fibrous  tissue 
is  usually  merely  the  most  abundant.  White  fibrous  tissue  alone, 
therefore,  cannot  properly  be  termed  connective  tissue,  any  more 
ihan  the  yellow  fibrous  which  is  almost  always  blended  with  it. 

We  shall  therefore  adhere  to  both  fact 
and  simplicity  if  we  describe  the  white 
fibrous  tissue  under  this  name  as  a  sim- 
ple tissue;  and  speak  of  its  union  with 
the  yellow  fibrous  tissue  in  the  areolar 
tissue  (and  which  is  usually  the  con- 
nective tissue)  further  on. 

The  white  fibrous  tissue  is  so  named 
from  its  appearing  under  the  microscope 
to  consist  of  very  fine  fibres  (Fig.  175), 
lalgo  to  3))iDs  of  an  inch  in  diameter, 
a  pnlt!  color,  homogeneous  appearance, 
and  non-striated.  {^Kolliker.)     These  ap- 
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parent  fibres  are  united  by  a  clear  connectiDg  gelatinous  sabatanoe 
(homogeneous  substance),  and  fasciculi  are  thus  formed,  averaging 
,^0B  to  li'trn  of  *n  inch  in  diameter.  These  bundles  somewhat 
resemble  the  striated  muscular  fibres,  but  have  no  actual  atri»,  or 
external  investments  at  all  comparable  to  the  myolemma,  and  are 
smaller.  They  are  arranged,  like  long,  wavy  cords,  so  aa  to  form 
large  lamellse  and  bundles  (as  in  ligaments);  or  they  coalesce,  like 
the  elastic  tissue,  into  networks  and  meshes.  In  rare  cases  the 
bundles  appear  to  be  homogeneous,  and  not  oomposed  of  fibres,  as 
in  the  perineurium  (Remak's  fibres).  In  some  cases,  indeed,  neither 
bundles  nor  fibres  can  be  made  out;  and  this  has  been  called  homo- 
fjmeous  (or  Reichert's)  connective  tiatue.  This  may  be  regarded  as 
either  white  fibrous  or  areolar  tissue,  in  an  undeveloped  slate. 

Todd  and  Bowman— and,  since,  Keichert  and  Dr.  Paulsen — main- 
tain that  the  fibrillation  of  this  tissue  is  merely  apparent;  it  being 
really,  in  its  norma!  state,  a  homogeneous  mass,  marked  by  longi- 
tudinal parallel  streaks,  having  at  times  a  tendency  to  split  up  "ad 
infinitum"  and  splitting  into  membranes  rather  than  fibrous  fVag- 
mentfl.  Though  we  agree  with  the  writers  just  quoted,  the  fibril- 
lated  appearance  justifies  the  name  we  atill  prefer  for  this  tissue; 
and  it  at  once  occurs  that  if  no  minute  fibres  exist,  like  those  de- 
scribed by  Kolliker,  then  the  bundles,  so  called,  become  fibres  of 
larger  dimensions.  For  every  histological  purpose,  therefore,  the 
term  white  fibrous  tissue  is  to  be  preferred. 

No  nerves  or  lymphatic  vessels  are  supplied  to  this  tissue.  Tbe 
manner  in  which  vessels  are  distributed  to  parts  composed  of  it, 
will  be  shown  further  on  (Fig.  176).  J^ 

Chemical  Compoaition  of  While  Fibrous  Tissue.  , 

This  tissue  is  about  63  per  cent,  water,  and,  like  bone  and  tbe 
teeth,  affords  gelatine  to  boiling  water.  It  has  hence  been  termed 
one  of  the  gelalinous  tissues.  That  the  gelatine  does  not,  however, 
pre-exist  in  these  three  tissues,  but  is  formed  by  decomposition  of 
another  subatauce,  has  already  been  shown  (p.  9B).  The  substance 
thus  converted  into  gelatine  is  called  oateine,  and  is  the  same  in 
bone,  teeth,  and  white  fibrous  tissue.  The  apparent  fibres,  befon.- 
mentioned,  swell  up  and  assume  a  viscid,  hyaline  appearance  in 
alkalies,  and  cannot  be  again  brought  into  view  by  the  addition  oi 
water.     The  same  result  fcjHowa  if  a  solution  of  caustic  potash  of 
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10  per  cent,  be  used,  and  the  transparent  mass  may  be  torn  with 
equal  ease  in  any  direction.  If,  however,  the  potash  be  now  re- 
moved by  acetic  acid,  the  original  texture  returns.  (Paulsen,) 
Wlule  acetic  acid  obscures  the  parallel  lines,  and  renders  the  mass 
transparent,  it  usually  brings  into  view  broken,  elongated  cor- 
puscles, the  remains  of  the  developmental  cells.  {KolUker)  The 
addition  of  a  mineral  acid  brings  the  lines  into  view  again. 

It  is  the  white  fibrous  tissue  which  some  histologists  have  termed 
the  collagenous  element  of  the  areolar  tissue,  and  the  Jibrillated  col- 
lagenous^ substance.  It  will  be  frequently  termed  the  "collagenous 
tissue"  and  the  "collagenous  element,"  in  the  subsequent  portions  of 
this  work. 

Properties  and  Uses  of  White  Fibrous  Tissue. 

White  fibrous  tissue,  like  the  yellow  fibrous,  manifests  no  vital 
properties  (save  the  power  of  securing  and  maintaining  its  develop- 
ment), but  physical  properties  merely,  viz:  great  strength,  great 
flexibility,  and  almost  total  inextensibility.  It  may,  however,  be 
somewhat  extended  by  a  slowly-acting  and  long-continued  force. 

The  strongest  cords  used  in  the  arts  are  made  of  this  tissue — as 
musical  strings,  &c.  Mascagni  calculated  that  the  human  tendo- 
Achillis  will  sustain  a  weight  of  1,000  pounds. 

Its  flexibility  is  owing  to  the  water  it  contains.  When  dried,  it 
becomes  quite  rigid.  In  this  state,  also,  it  completely  resists  the 
putrefactive  process. 

Uses, — In  all  cases  where  a  tissue,  strong,  flexible,  and  totally 
inextensible,  is  needed,  this  is  the  one  found.  Ligaments  and  ten- 
dons are  composed  almost  exclusively  of  it.  Its  uses  in  particular 
parts  and  organs  vary,  as  seen  in  the  following  paragraphs.  Some- 
times it  is  merely  protective  of  the  softer  parts  it  incloses ;  as  in 
case  of  the  sclerotica,  the  tunica  albuginea  testis,  &c. 

Distribution  of  the  White  Fibrous  Tissue, 

1.  White  fibrous  tissue  constitutes  the  greater  portion  of  tendons, 
aponeuroses,  and  articular  ligaments.  It  also  constitutes  a  large 
portion  of  the  fibrous  membranes,  so  called — viz.,  the  periosteum, 
perichondrium,  and  dura  mater — and  enters  with  the  yellow  fibrous 
into  the  formation  of  the  areolar  tissue.    Hence  it  forms  the  greater 

*  From  iioXXa,  glae,  gelatine,  and  yi\t^\  gelatine-producing;  STnonymous  with 
^atigtnoui. 
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Fig.  178. 


port  or  the  corium  of  the  skin,  and  of  serou3  and  mucoos  mffln- 
branea ;  and  of  the  vascular  membranes,  so  called,  as  the  pia  tnatcr 
nnd  the  plexus  choroides. 

2.  It  also  forma  the  white,  dense  tunics  of  many  soft  organs;  os 
the  perineurium,  the  sclerotica  and  cornea,  the  fibrous  coat  of  the 
spleen  and  kidneys,  and  the  fibrous  tunic  of  the  testis,  ovaries, 
penis,  and  clitoris. 

In  all  the  preceding  structures  the  yellow  fibrous  tissue  is  fonnd 
in  combination  with  the  white.  The  arrangement  of  the  latter,  in 
all  except  the  true  membranes,  will  be  disposed  of  here. 

1.  Structure  of  leruhns  and  ligaments.  These  consist  of  parallel 
bundles  of  white  fibrous  tissue,  united  by  loose  areolar  tissue  into 
large  cords.  Between  these  the  vessels  ramify,  and  a  relatively 
very  small  number  of  elastic  fibres,  or 
of  networks  formed  of  them.  Fig. 
261  shows  a  transverse  section  of  a 
tendon.  The  latter  aud  the  ligaments 
have  no  nerves  or  lymphatics.  The 
vessels  of  a  tendon  of  an  ostrich  are 
shown  by  Fig.  176.  The  manner  of 
union  between  tendon  and  muscle,  and 
further  particulars  in  regard  to  the 
tendons,  will  be  explained  in  the  chap- 
ter on  "Striated  Muscular  Tissue." 
.1.  v<<i>Hi>oriiioi«Ddoaofuii>iuieu.  2.  Aponeuroses  are  composed  of  fas- 
i' "  ^2'7q  J^T'""""'"^'"'' """"  '^''^'^''  '^^  white  fibrous  tissue,  so  inter- 
woven as  to  form  a  membraniform  ex- 
pansion of  varying  thickness.  If  very  thin,  no  vessels  are  seiil 
among  the  fasciculi,  but  only  to  the  areolar  sheath  in  contact  with 
each  surface.  If  thick,  the  vessels  penetrate  between  the  fasciculi 
in  an  irregular  manner.  Aponeuroses  are  found  at  the  origins  of 
muscles,  as  the  tendons  constitute  their  insertiou.  They  also  exist 
distinctly  from  muscles,  as  in  the  case  of  the  deep  fascia  of  the 
extremities  (femoral  and  bracbial  aponeurosis,  ice). 

3.  Fibro-cartilages  have  the  same  structure  as  tendons  and  liga- 
ments, except  that  cartilage-cells  are  scattered  among  the  bundles 
of  white  fibrous  tissue,  and  that  they  contain  no  finer  elastic  fibres. 
Fig.  202  represents  a  section  of  fibro-cartilage.  They  exist  as  spe- 
cial organs  (iuterarticular  fib ro- cartilages  and  the  cotyloid  liga- 
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[Jor  are  found  developed  in  the  tendons,  tendir 
and  the  ligaments. 

4.  Vhejihrous  memhranea,  so  called,  differ  from  the  tendons  only 
by  the  freqaent  interweaving  of  the  bundles,  to  give  them  their 
difference  in  form,  and  by  the  greater  amount  of  elastic  fibres. 
[Jnder  this  head  may  be  mentioned — 

First.  The  Jeep/ascix  (femoral,  &c.),  which  very  nearly  reseinble 
the  aponeuroses  in  structure,  and  some  of  which  are  classed  with 
them. 

Secondly,  The  periosteum  and  perichondrium,  which  sometimes 
coDtaia  a  great  number  of  elastic  fibres,  are  more  vascular  than 
the  preceding,  and  are  sparingly  supplied  with  nerves  and  lymph- 
atics. The  dura  mater  also  belongs  here,  it 
being  the  internal  periosteum  (endosteum)  of 
tbo  cranium,  while  it  at  the  same  time  protects 
the  encephalon. 

5.  The  while,  detise  tunics  included  under  the 
second  head,  except  the  cornea — viz :  the  fibrous 
tonic  of  the  testes  and  ovaries,  penis  and  clitoris, 
aad  the  fibrous  envelop  of  the  spleen  and  kid 
neys — consist  of  solid  white  fibrous  tissue,  with 
elastic  fibres  interwoven.  In  the  case  of  these 
organs,  also,  the  fibrous  layer  projects  into  the 
interior,  where,  mixed  to  a  greater  or  less  ex- 
tent with  smooth  muscular  fibres,  it  constitutes 
dissepiments  or  a  kind  of  framework,  or  forms 
a  stroma  or  a  trabecular  network.  The  object 
here  is  to  inclose  and  protect  the  parenchyma 
of  the  organs  in  question.  The  sclerotica,  how- 
ever, has  no  such  internal  projections;  and  the 
perineurium  is  homogeneous  in  structure,  as 
has  been  already  stated  (p.  276).  Fig.  177  shows  the  fibrous  Ira- 
becoliD  in  the  testis,  radiating  from  the  mediastinum. 

6.  The  so-called  vascular  membranes — the  pia  mater,  choroid 
plexus,  the  choroid  coat  of  the  eye,  and  the  iris — all  have  numerous 
vessels;  for  the  nutrition,  however,  especially  of  other  parts.  They 
vary  in  structure.  The  iris  and  the  pia  mater  have  parallel,  matted, 
and  anastomosing  bundles  of  white  fibres,  without  any  elastic  tis- 
sue.    The  choroid  plexus  and  the  choroid  membrane  of  the 
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3  tissue  like  the  periueurium,  to  which  the  pet 
liar  aDastomosing  pigment-cells,  described  on  page  133,  are  added. 

7.  St-mcture  of  the  cornea. — The  true  cornea  is  to  be  included  his- 
tologically under  white  fibrous  tissue;  though  in  chemical  compo- 
sition it  is  allied  to  cartilage,  siuce  it  affords  ehondrine,  and  not 
gelatine  on  boiling. 

The  cornea  considered  as  a  whole,  consists  of  five  layers:  1,  the 
true  lamellaled  cornea;  2,  S,  the  anterior  and  posterior  elastic  lajera, 
and  4, 5,  the  anterior  (external),  and  posterior  (internal)  epithelium. 
The  anterior  epithelium  consials  of  three  or  four  strata  of  cells,  and 
the  posterior  of  one.  The  anterior  and  the  posterior  elastic  layers 
are  merely  basement-membranes  underlying  the  epitheiia.  The 
posterior  is  called  the  "  membrane  of  Demours."  The  anterior  ie 
bound  to  the  lamellaled  cornea  by  fine  elastic  fibres,  while  the  poS' 
tenor  is  not.  The  former  is  probably  what  remains  of  the  vascular 
conjunctiva  covering  the  cornea  of  the  fcctus. 

But  the  true  cornea  (lamellatcd  cornea,  Todd  and  Bow-man),  con- 
stitutes the  greater  part  of  the  substance  of  this  organ.  This  oon- 
sistB  of  about  sixty  superimposed  lamellce,  composed  of  transparent 
fibres  interwoven  so  as  to  leave  tubular  spaces'  between  tliem,  and 
is  continuous  with  the  white  fibrous  tissue  of  the  sclerotica.  These 
tubular  interspaces  are  arranged  with  tolerable  regularity  and  con- 
stricted at  intervals,  as  shown  by  Fig.  178.  This  lamellatod  tissue 
is  the  only  portion  of  the  cornea  which  is  continuous  with  I 


sclerotica,  and  its  fibres  appear  similar  to  those  of  the  latter,  except 
that  they  are  transparent  {Todda^td  Bowman).    Their  continuity  is 


'  KSlUker,  Itowever,  believea  tbsEe  talies  o 
between  the  transparent  fibres. 
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abowii  bj  Fig.  179.     The  tabular  interspaces  are  doubtleaa  filled 
with  a  transparent  fluid.    No  vessels  extend  into  the  substance  of 


rsdlnlDctfariHwllciidd.    (KigDlSod 39) dluunlr 
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the  cornea.     Those  of  the  sclerotica  form  loops  extending  to  its 
margin,  as  shown  by  Fig.  180,     Some  superficial  branches  belong- 
ing to  the  conjunctiva  extend,  however, 
in  front  of  the  cornea  to  the  distaiif>'  '"*     '" 

of  J  to  J  of  a  line  from  its  margin 
seen  in  the  figure  It  is  sug^estel  > 
Ktlliker  that  vessels  carrying  the  li 
quor  aanguinis  alone  may  communi 
cate  with  these  and  extend  througli 
out  the  cornea 

That  the  fluid  m  the  tubular  inter 
spaces  is  the  blood  plasma  may  be  in 
ferred  from  the  fact  that  though  there 
are  no  vessels  m  the  cornea  incised 
wounds  heal  very  readily  This  is  the 
case  usually  after  the  removal  of  cata 
ract  by  extraction      Since  the  plasma      "  "^  'ft         «.     sn 

must,  however,  be  afforded  by  the  pe-   j^nca,ii  membiuie,  «Bd   loniinnrf 
rimelral  vessels,  it  is  important  not  to   «"iihBqi«rgiBofihBMrn8».  b.v8s- 
carry  the  incision  further  round  than    uiarginotihoconiM, 
is  actually  necessary, 

In  diseased  conditions  of  the  cornea,  however,  the  deep-aeated 
vessels  may  be  prolonged  into  its  entire  substance,  while  the  super- 
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ficial  form  a  dark  band  of  considerable  breadth  around  its  margin. 
Opacity  very  frequently  results  irora  the  organization  of  plasma  in 

the  tubular  interspaces,  and  between  the  laminic;  the  new  forma- 
tion not  being  transparent  like  the  original  tisaue. 

The  arcuB  senilis,  occurring  mostly  in  aged  persons,  results  from 
a  fatty  degeneration  of  the  coraea. 


Distribulion  of  White  Fibrous  Tissue  in  tiie  Lower  Animals. 
This  tissue  is  found  in  all  vertebrate  animals  in  about  the  same 
conditions  as  in  man;  while  in  the  invertebrata  it  is  very  rare.  In 
mollusca  the  tendinous  fibres  are  very  large;  in  the  terebratula, 
even  jjn  of  an  inch  in  diameter,  and  collected  into  strong  bundles 
presenting  a  beautiful  silvery  aspect.  In  birds,  the  tendons  of  the 
legs  are  very  large,  and  more  or  less  ossified.  Every  one  has 
noticed  this,  especially  in  the  case  of  the  turkey,  goose,  and  other 
species  most  frequently  used  as  food.  The  analogy  of  this  tissue 
to  bone,  in  a  chemical  point  of  view,  has  already  been  suggested 
(p.  276),  and  will  account  for  its  tendency  to  ossification. 


I  of  White  Fibrous  Tissue, 
Donders  and  Yirchow  coincide  in  the  opinion  that  the  true  white 
fibrous  tissue  (the  gelatinous  intercellular  tissue  of  white  fibrous 
tissue,  bones,  and  teeth),  does  not  originate  from  cells,  but  is  directly 
separated  from  a  plastic  fluid ;  while  the  other  elements — lacuna 
and  pores,  cartilage-cells,  and  nuclear  (elastic)  fibres — are  primarily 
formed  from  cells.  Kiilliker  thinks  diflerently  as  to  the  develop- 
ment of  the  fibres  of  white  fibrous  tissue;  asserting  that  the  nuclear 
fibres  are  developed  not  from  the  nuclei  of  the  cella  of  the  white 
fibrous  tisane  of  the  embryo,  but  from  the  cell-walls;  while  the 
cell-contents  are  converted  into  the  collagenous  element,  or  white 
fibrous  tissue. 

We  agree  with  Reichert  and  Virchow  that  the  elastic  fibres 
blended  with  the  collagenous  element,  or  true  white  fibrous  tissue, 
represent  the  cells  of  cartilage;  while  the  white  fibrous  tissue  re- 
presents the  matrix  or  homogeneous  substance  of  cartilage;  and, 
like  the  latter,  ia  not  developed  from  cells.  This  view  is  confirmed 
by  au  examination  of  the  insertion  of  tendons  into  bones  in  yonng 
animals,  and  in  which  the  surface  of  the  latter  is  still  in  a  stat«  of 
cartilage. 

The  white  fibrous  tissue  alone  has  been  confounded  with  the 
areolar,  under  the  name  of  the  connective  tissue.  KollLker'a  "»M0- 
lated  connective  tissue"  is  the  true  areolar  tissue,  and  will  be  d» 
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aeribed  in  the  following  chapter.  CgIIs  appear  to  perform  an  im- 
portant pari  in  the  development  of  the  latter  tisBue,  aa  will  be  seen. 
But,  for  the  present,  wo  may  adopt  the  view  which  regards  the 
elastic  fibres  as  developed  from  cells,  while  the  collagenous  element, 
or  white  fibrous  tissue,  is  at  first  formed  directly  from  the  plasma. 

The  growth  of  white  fibrous  tissue  is  secured  by  a  gradual  in- 
crease of  the  bundles  before  described;  and  this  occurs  probably 
from  the  plasma  directly — each  fasciculus  assimilating  to  itself  the 
amount  required. 

The  reparation  of  this  tissue,  if  inflammation  occurs,  is  imperfect; 
t.  g.  if  a  portion  of  a  tendon  be  removed,  or  if  the  ends  of  a  divided 
tendon  be  separated  (as  in  operations  for  c!ub-foot),  the  new  tissue 
is  ^milar  to  white  fibrous  tissue ;  but  is  developed  from  cells,  and 
is  a  condensed  form  of  areolar  tissue,  rather.  If  inflammation  does 
not  occur,  the  exuded  plasma  is  directly  {i.e.  without  the  interme- 
diation of  cells),  converted  into  a  collagenous  tissue  precisely  iden- 
tical with  the  original  development. 

Pathological  Stales  and  New  Formaliona  of  the  While  Fibrous  TIsaiie. 

1.  It  is  difficult  to  distinguish  between  a  new  formation  and  a 
hypertrophy  of  the  white  fibrous  tissue,  if  the  change  occurs  in  a 
part  or  organ  in  which  this  tissue  naturally  exists.  A  hypertrophy, 
so  called,  of  the  capsule  of  Gliason  produces  the  granular  liver,  or 
ctrrftosis;  and  hypertrophy  of  the  collagenous  tissue  between  the 
tabes  in  the  kidney,  produces  the  granular  kidney,  or  one  form  of 
Bright's  disease.  In  both  these  cases,  the  parenchymal  substance 
is  diminished  by  the  pressure  consequent  on  the  increase  of  this 
interstitial  element. 

2.  This  tissue  is  also,  like  all  others,  liable  to  atrophy,  if  its  usual 
supply  of  blood  be  cut  off;  aa  by  pressure  upon  the  vessels  by 
tumors,  aneurisms,  &c. 

3.  Pathological  new  formations  of  this  tissue  are  very  common, 
and  constitute  many  of  the  pathological  epigenesea.  I'ibroid  tumors 
of  the  uterus  are  often  formed  of  it  without  any  admixture  of  the 
elastic  element.  Condylomata,  warts,  and  vegetations  on  the  skin 
and  the  mucous  and  serous  membranes,  are  essentially  new  forma- 
tions of  collagenous  tissue,  usually  covered  by  a  distinct  epithelium 
(p.  247).  The  walls  of  cysts  are  formed  of  white  fibrous  tissue,  aa 
well  as  most  of  the  substance  of  nasal,  laryngeal,  and  uterine 
polypi;  though  in  all  these  cases,  the  loose  arrangement  of  the  fibres 
may  rather  entitle  it  to  the  name  of  areolar  tissue.  The  same  re- 
mark may  also  bo  extended  to  nj»vi  matemi. 

Sarcomatous  tumors  are  formed  in  great  part  of  this  tissue.  The 
Jtefou&j  is  also  a  development  of  it  in  the  corium  of  the  skin,  giving 


284 


THE  TiaSDKS, 


rise  to  an  appearance  like  a  cicatrix.  Even  the  lupus  exedens  ia 
merely  a  development  of  white  fibrous  tissue  in  tLe  corium  of  ibe 
skin;  but  in  such  a  way  as  to  cause  atrophy  and  ulceration  of  its 
structure,  and  thus  its  progressive  destruction. 

The  pathological  development  of  white  fibrous  tissue  alone,  is 
not  generally  regarded  as  protlucing  a  malignant  epigenesis.  But 
this  distiuction  of  malignant  and  non-malignant  ia  evidently  of  less 
importance,  when  we  consider  that  the  atrophy  of  the  parenchyma 
of  the  liver  from  a  hypertrophy  of  Glisson  s  capsule,  is  as  sure  to 
be  fatal  if  it  continues  to  progress,  as  is  any  form  of  cancerous 
development. 


CHAPTER    IV. 


THE   AREOLAR  TISSUE. 


Several  different  terms  have  been  used  by  different  bistologists 
to  designate  this  tissue.  Long  ago  termed  the  ceUuJar  (issuf,  it  h&s 
more  recently  been  called  the  connective  tissue;  the  reticulated  con- 
nective tissue  (KoUiker);  the  fibrocellular  tissue;  the  fibrous  celln- 
hir  (IfassaH),  and  the  areolar  tissue  (Todd  and  Bowman).  Of  all 
these,  the  last  is  the  only  appropriate  name.  The  term  "  connective," 
as  applied  to  any  tissue  has  already  been  objected  to  (p.  275),  though 
it  is  really  more  applicable  to  this  than  to  any  other,  as  expre^ing 
one  of  its  functions.  By  a  cellular  tissue  can,  now-a-days,  be  meant 
only  a  tissue  composed  of  an  aggregation  of  cells,  like  the  epithe- 
lium, &c. ;  and  by  a  fibro-cellalar,  one  composed  of  fibres  and  cells. 

The  tissue  under  consideration  is  composed  of  fibres  so  inte^ 
woven,  either  separately  or  in  fasciculi,  as  to  leave  larger  or  smaller 
irregular  spaces — areolcB — between  them.  And  this  arrangement 
constitutes  the  peculiarity  of  the  tissue ;  for  the  fibres  are  those  of 
the  white-fibrous  tissue  and  the  yellow-fibrous  tissue,  just  described. 
It  has  been  seen  that  white-fibrous  tissue  is  almost  invariably  ac- 
companied by  the  yellow,  as  in  the  tendons,  fibrous  membranes, 
&c.  (p.  278).  But  while  in  these  the  elastic  element  exists  only  in 
a  very  small  amount,  and  both  are  so  intimately  blended  as  to  form 
a  very  compact  structure ;  in  the  areolar  tissue  the  elastic  element 
is  more  abuudaut,  and  the  areola)  give  rise  to  a  loose  and  spongy 
tissue.     A  description  is,  therefore  required: — 
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1.  Of  tbe  solid  fibrous  tissues. 

2.  The  areola)  and  their  conteots, 

1.  The  collagenoui  element  (wbite-Sbrous  tissue)  of  the  areolar 
tissue  always  greatly  predominates  over  the  elastic  element,  though 
varying  in  its  precise  proportional  amount  in  different  parts  and 
oi^ns.  It  occurs  in  fasciculi,  as  shown  in  Fig.  181,  of  a  more  or 
less  wavy  outline,  and  of  various  length  and  size;  they  frequently 
being  about  g^ri  of  an  inch  in  diameter.  Among  these  the  elastic 
Jibres  are  distributed,  sometimes  in  bundles,  but  more  frequently 

Fig.  181. 


sitigte,and  being  ^ifna  to  gn'ooofi'^'ncb  in  diameter.  Frequently 
liao  they  are  coiled  around  the  other  fasciculi,  as  shown  in  the 
figure.  Messrs.  Todd  and  Bowman  first  called  attention  to  tbe 
fact  that  this  tissue  is  a  compound  of  the  two  just  mentioned.  The 
elastic  fibres  are  easily  isolated  from  the  white  fibrous  tissue  under 
the  microscope,  by  the  action  of  acetic  acid;  which  renders  the 
latter  indefinable,  suf^  and  gelatinous  (pp.  270  and  277). 

2.  The  areoice  are  merely  irregular  cavities  between  the  solid 
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elements,  just  described.  (Fig,  182,)  They  consequently  hare  DO 
distinct  walis,  and  they  freely  eoiumunicate  witb  each  other.  Their 
size  varies  extremely;  soroetimea  occupying  much  more  space  in 
the  aggregate  than  the  solid  portions,  in  which  case  the  ti^ne  is 
very  loose ;  while  in  other  cases  they  are  very  small,  from  a  con- 
densation of  the  fibres  around  them.  It  ia  this  free  communication 
which  accounts  for  the  ready  diffusion 
of  blood  and  other  fluids  in  the  areolar 
tissue  under  the  influence  of  gravity. 
The  smallest  meshes,  however,  in  some 
parts  are  so  disposed  as  to  constitute 
secondary  cavities  of  a  son:ewbat  de- 
terminate shape  and  size,  "and  whicli 
are  visible  to  the  naked  eye.  These 
generally  contain  fat-cells;  and  tlie 
much-branched,  sometimes  tubular, 
sometimes  fissure-like  spaces  connect 
ing  them,  are  termed  the  areolar  jas- 
■sages. 

The  contents  of  the  areolsB  are :  {I),  * 
Portion  of  ■noiu  iiun*.  in<>t«d  iLd  flui(]  of  an  alkaline  reaction,  resem- 
fut*;i;iVZ«b,r'iSrh'[^in.7nd'(j^'  biing  a  weak  serum;  or  (2),  fal-celLi. 
monihon  rcpr>»Di«i,  eoDLiiiu>  nfliuor-  This  fluid  IS  a  mere  transudation,  aaJ 
mo^'^at  pt,-piZi^a"'iMtta\&tl'xl\»-  not  a  secrction,  from  the  bloodvessels 
noun,)  traversing  the  tissue,  and  its  general 

composition  has  been  specified  on  page 
181.  In  some  parts,  however,  the  areolm  are  partly  or  entirely  filled 
by  fat-cella;  in  which  case  the  serous  fluid  is  proportionately  ex- 
cluded. This  is  especially  the  case  with  the  subcutaneous  areolu 
tissue,  or  svjierficial  fascia.  But  in  certain  parts,  fat  never  accu- 
mulates ;  as  underneath  the  skin  of  the  eyelids,  of  the  scrotum,  &c. 
The  amount  of  fluid  in  the  areolae  is  liable  to  sudden  increase  or 
diminution,  often  from  slight  causes;  the  former  producing  cedema 
or  swelling,  and  the  latter  a  shrivelled  appearance  of  the  skin  over 
the  part  in  which  it  occurs. 

Sometimes  the  areola3  become  filled  to  a  greater  or  leas  exlenl 
with  air,  to  the  cxcluaion  of  the  fluid.  Occurring  as  a  pathological 
condition  it  constitutes  emphysema.  This  may,  indeed,  be  produced 
with  the  blowpipe  experimentally ;  and  Bichat  tells  of  mendicaaB 
who   excite  the  commiseration  of  passers-by,  by  the  singular  ip- 
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pearance  prodnced  by  inserting  a  quill  under  the  skin  of  the  cheat, 
and  blowing  forcibly  through  it — a  general  emphysema  being  thus 
promptly  produced.  The  air  is,  however,  removed  by  absorption 
within  a  few  hours  without  any  injurious  results.  This  experiment 
also  demonatratea  the  free  communication  of  the  areohe  with  each 
other  over  the  whole  body  even. 

Chemical  Composition  of  Areolar  Tissue. 
Areolar  tissue  abounds  in  water,  since  its  serous  flaid  consists 
mostly  of  it.  Besides,  both  the  white  and  the  yellow  fibrous  tis- 
sues contain  a  considerable  percentage  of  it.  Of  course,  glutin  is 
obtained  from  areolar  tissue  by  boiling;  from  the  osteine  contained 
in  its  white  fibrous  tissue.  Elasticinc  exists  in  the  elastic  tissue. 
In  addition  to  these,  we  have  only  to  refer  to  the  composition  of 
the  transudations  for  the  amount  of  albumen  and  saline  matters 
ihey  contain  (p.  182). 

Properties  of  Areolar  7\'sa^ie. 

Areolar  tissue  has  no  characteristiG  vital  properties,  since  this  is 
the  lact  with  regard  to  both  of  ila  two  component  elements.  Like 
them  it  is  distinguished  by  physical  properties  merely;  the  princi- 
pal being  extensibility  and  elasticity,  with  agood  degree  of  strength. 
It  owes  the  last  property  to  the  collagenous  element,  and  the  other 
two  to  the  elastic  tissue.  If  it  be  asked  how  a  tissue  fonitfd  in 
great  part  of  an  entirely  inextensible  element  (the  white  fibrous 
tissue),  becomes  extensible,  we  have  to 
remember  that  tn  extending  the  areolar 
tissue  the  individual  fasciculi  of  white 
fibrous  tissue  are  not  stretched,  but  are 
merely  displaced  upon  each  other;  while 
the  elastic  fibres  restore  them  to  their 
original  relations  af^r  the  tension  ia  re- 
moved. 

The  only  vital  property  manifested  by 
this  tissue  is  the  one  common  to  all  the 
tissues  mentioned  thus  far;  viz.,  the  power 
of  maintaining  its  own  nutrition.  The 
notritive  changes  are,  however,  probably 

bat  slowly  brought  about,  after  it  is  once  fully  developed,  and  the 
Trgfiwln  in  its  substance  are  mostly  on  their  way  to  other  tissues. 
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Nor  can  the  nerves  detected  iq  it  be  regarded  as  belonging  to  ii. 
since  they  proceed  beyond  to  terminate.  Consequently,  it  mani' 
fests  but  a  slight  degree  of  sensibility  when  divided  by  the  sur- 
geon's knife.  The  vessels  in  areolar  tissue  are  generally  arraoged 
so  as  to  include  hexagonal  spaces,  as  seen  in  Fig.  183,  from 
Qiieckett;  and  which  also  shows  the  appearance  of  the  nerves. 

Usea  of  Areolar  Tissve. 
•  The  functions  of  areolar  tissue  depend  on  the  physical  properties 
just  mentioned. 

1.  It  isolates  the  various  organs  by  constituting  their  external 
envelop. 

2.  It  at  the  same  time  lies  between  and  connects  the  varioiu 
organs  together  in  the  body,  and  yet  so  as  to  allow  of  a  certaio 
amount'  of  motion  of  one  upou  another.  It  is,  therefore,  the  true 
cormeclive  tissue  (p.  275). 

3.  It  protects  the  proper  substance  or  parenchyma  of  various 
organs. 

■L  It  gives  support  to  organs,  and  maintains  them  in  their  plaee. 
Thus,  with  few  exceptions,  it  accompanies  the  bloodvessels  and 
nerves  to  their  minutest  subdivisions. 

It  must,  therefore,  be  regarded  as  a  subordinate  tissue,  wherever 
found,  though  quite  indispensable  on  account  of  the  mechanical 
usea  juat  described.  ^H 

Dislrihution  of  the  Areolar  Tissue.  ^^M 

The  areolar  is  more  extensively  diffused  than  any  other  tissae  in 
the  body.  Indeed,  it  enters  to  such  an  extent  into  the  structure  of 
every  part  and  organ,  with  very  few  exceptions,  that  if  all  the  other 
tissues  were  entirely  removed  from  the  body,  its  conformation  would 
still  be  preserved  in  every  part  by  the  areolar  tissue;  and,  exoepl 
from  the  removal  of  the  osseous  and  the  muscular  tissues,  ila  weight 
would  be  but  slightly  diminished,  as  the  following  particulars  will 
show ; — 

1.  It  surrounds  and  supportf  the  arteries  and  veins  everywhere 
and  sometimes  the  capillaries  also,  and  thus  enters  with  the  vessels 
into  every  organ. 

2.  It  also  forms  sheaths  (perineuria)  around  all  the  nerves; 
accompanying  them,  however,  to  their  finest  ramifications,  in  an 
undeveloped  form  (p.  276).    The  brain,  however,  does  not  coaUin 
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it,  except  as  it  surroands  the  vessels,  two  or  three  removes  from 
the  capillaries. 

8.  Areolar  tissue  invests  the  muscles  externally,  forfning  their 
sheaths  or  perimysia^  which  give  off  prolongations  (internal  peri- 
mjsia)  investing  the  fiisciculi  of  fibres.  The  heart,  however,  con- 
tains this  element  in  very  small  proportion,  its  fibres  intertwining 
in  such  a  manner  as  to  render  an  extraneous  bond  of  connection 
unnecessary.  It  also  lies  between  and  ^underneath  the  muscles,  and 
in  greater  quantity  in  proportion  to  the  required  mobility. 

4.  This  tissue  is  abundant  around  internal  organs  which  undergo 
changes  of  form,  size,  or  position  in  the  performance  of  their  func- 
tions, and  which  are  partially  or  wholly  without  a  free  surface,  as 
the  pharynx,  oesophagus,  bladder,  lumbar  colon,  &c.;  and  its  fila- 
ments are  long,  tortuous,  and  largely  intertwined.  It  also  envelops 
all  the  glands,  and  sends  prolongations  into  their  interior  among 
their  lobules;  it  being  more  abundant  in  proportion  as  the  gland  is 
less  compact,  and  allowing  motion  of  one  part  upon  another.  E,  g. 
it  is  far  more  abundant  in  the  mammary  gland  than  in  the  liver. 

5.  Under  the  skin  and  the  mucous  and  serous  membranes,  it 
forms  a  distinct  layer,  though  presenting  great  varieties  in  respect 
to  quantity  and  denseness. 

6.  Finally,  the  corium  of  the  skin  and  of  mucous  and  serous 
membranes  is  merely  condensed  areolar  tissue,  as  will  be  seen. 

Peculiarities  of  Areolar  Tissue. 

A  peculiar  form  of  areolar  tissue  is  said  by  Henle  to  exist  in 
company  with  the  arteries  at  the  base  of  the  brain ;  the  elastic  fibres 
forming  rings  and  spirals  around  the  fisisciculi  of  the  white  fibrous 
tissue. 

The  subcutaneous  areolar  tissue  is  also  of  peculiar  practical  im- 
portance, and  will  therefore  receive  some  additional  notice  here. 

The  Subcutaneous  Areolar  Tissue. 
The  layer  of  areolar  tissue  under  the  skin  was  formerly  called 
the  cellular  membrane.  It  is  properly  termed  the  superficial  fascia^ 
or  the  subcutaneous  areolar  tissue.  It,  singularly  enough,  is  de- 
scribed by  Kdlliker  as  one  of  the  layers  of  the  skin  itself;  and 
whenever  it  contains  fat-cells  in  its  areolae,  it  is  by  him  called  the 
panniculus  adiposus.  He  also  restricts  the' term  superficial  fascia  to 
19 
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its  innermost  layer,  where,  as  upon  the  trunk,  thighs,  &c^  it  forms  a 
tolerably  firm  texture  without  fat-cells. 

The  inner  surface  of  the  subcutaneous  areolar  tissue  is  most  loosely 
adherent  to  the  subjacent  parts  upon  the  trunk,  the  forearms,  legs, 
the  back  of  the  hands  and  feet,  the  eyelids,  penis,  and  scrotum,  and 
on  the  extensor  side  of  the  articulations.  A  closer  connection  exists 
where  tendinous  fibres  or  processes  are  inserted  into  the  skin  (leva- 
tor labii  superioris,  palmaris  brevis,  &c.);  and  where  this  tissue  is 
connected  with  subjacent  muscles  by  short,  strong  filaments  of 
white  fibrous  tissue,  as  on  the  head,  alae  nasi,  and  lips,  the  forehead 
and  temples,  the  ear,  mouth,  and  occiput;  also  on  the  glans  penis, 
beneath  the  nails,  &c.  Generally  the  skin  is  less  movable  where 
the  fat  forms  a  thick  layer,  than  where,  from  any  reason,  it  is  less 
abundant,  or  entirely  absent. 

The  external  sui-fece  of  the  subcutaneous  areolar  tissue  is  con- 
nected by  numerous  filamentous  processes  of  white  fibrous  tissae 
with  the  corium  of  the  skin,  and  is  not  everywhere  distinct  from 
the  latter,  as  under  the  skin  of  the  penis  and  scrotum  (dartos)^ 
Generally,  however,  the  areolar  tissue  is  pretty  easily  separable 
from  the  skin,  especially  where  the  former  contains  an  abundaoce 
of  fat ;  except  where  the  follicles  of  the  larger  and  more  closely-set 
hairs  penetrate  deeply  into  the  fat,  as  on  the  head,  cheeks,  chin,  &c* 

The  thickness  of  the  subcutaneous  areolar  tissue  varies  much  in 
various  situations.  That  of  the  eyelids  and  the  upper  and  outer 
part  of  the  ear  is  ^  of  an  inch  thick ;  of  the  penis,  ^'g ;  and  of  the 
scrotum,  y'g  of  an  inch.  {Kravse,)  In  these  situations  there  is  no 
fat;  in  those  next  mentioned  there  is.  On  the  cranium,  brow, 
nose,  lobe  of  the  ear,  back  of  the  hand  and  foot,  the  knee  and  elbow, 
the  thickness  is  1  line,  while  in  most  other  situations  it  is  }  to  J  of 
an  inch  thick.  The  thickness,  however,  in  the  same  part,  varies 
with  the  age,  sex,  and  the  individual.  Women  have  more  fat  in  its 
areolae,  generally,  than  men;  and  hence  a  greater  thickness  of  this 
layer,  as  well  as  a  greater  plumpness  of  form.  It  is  thicker,  pro- 
portionally, in  healthy  infants  and  children  than  during  adolescence. 
In  corpulent  persons  the  subcutaneous  areolar  tissue  may  become 
so  laden  with  fat  as  to  be  4  inches  thick  even ;  while  in  lean  per- 
sons, in  the  same  situation,  it  may  not  exceed  1  line. 

Similar  extremes  in  thickness  may  also  present  themselves  in  the 
same  person  on  passing  from  a  state  of  emaciation  to  one  of  corpu- 
lence, or  the  reverse.    And  this  is  a  fact  of  great  practical  import- 
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ance  to  the  surgeon,  especially  in  regard  to  the  making  of  incisions 
preliminary  to  the  ligation  of  arteries.  It  is,  of  course,  only  in 
situations  where  the  areolae  are  large,  and  filled  with  fat-cells,  that 
these  changes  occur;  as  on  the  abdomen,  the  neck,  and  the  limbs  espe- 
cially. It  less  affects  the  back  of  the  trunk,  since  there  the  tissue 
18  much  more  condensed,  and  the  areolae  are  therefore  very  small. 

Development  of  Areolar  Tissue, 

In  the  earliest  period  at  which  the  areolar  tissue  can  be  examined, 
Schwann  has  described  it  as  consisting  of  nucleated  particles,  send- 
ing offsets  on  thq  opposite  sides,  and  uniting  themselves  with  others 
in  the  vicinity.  The  threads  thus  formed  are  at  first  homogeneous; 
the  longitudinal  streaks  and  the  wavy  character  appear  subsequently. 
Normally  and  originally,  however,  we  believe  that  the  yellow  fibrous 
element  alone  is  developed  from  cells  (p.  283). 

The  development  of  areolar  tissue  consists,  in  fact,  merely  of  the 
simultaneous  development  of  the  white  and  the  yellow  fibrous  tis- 
anes in  the  same  blastema.  These  elements  subsequently  become 
blended,  as  found  in  the  different  situations  already  described. 

When  new  formations  of  areolar  tissue  occur,  however,  as  in  in- 
flammatory exudations,  subcutaneous  wounds,  &c.,  the  white  fibrous 
element  may  be  developed  either  from  cells  or  directly  from  the 
plasma,  as  has  been  shown  by  Mr.  Paget. 

1.  In  case  of  repair  by  granulation,  and  of  inflammatory  adhe- 
sions and  indurations,  the  white  fibrous  element  of  the  areolar  tissue 
is  developed  from  cells,  "The  cells  first  formed  in  the  plastic  exu- 
dation are  round,  very  slightly  granular,  and  from  y^^^  to  jq'^i,  of 
an  inch  in  diameter;  they  have  a  distinct  cell-wall,  which  is  readily 
brought  into  view  by  the  action  of  water,  if  not  apparent  at  first : 
and  they  present  a  round,  dark-edged  nucleus,  whose  sharp  defini- 
tion distinguishes  it  from  that  of  the  colorless  corpuscles  of  the 
blood,  to  which  these  cells  otherwise  bear  a  close  resemblance.  It 
is  in  this  nucleus  that  the  first  developmental  change  shows  itself, 
for  it  assumes  an  oval  form,  and  its  substance  becomes  clearer  and 
brighter.  Very  soon,  however,  the  cell  itself  elongates  at  one  or 
both  ends,  so  as  to  assume  the  caudate,  fusiform,  or  lanceolate  shape 
(Fig.  184);  and  its  contents  become  more  minutely  and  distinctly 
granular,  whilst  the  cell-wall  thins  away,  or  becomes  blended  with 
its  inclosure.  As  the  cells  elongate  more  and  more,  so  as  to  assume 
the  filamentous  form,  they  also  arrange  themselves  in  such  a  manner 
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that  the  thickest  portion  of  one  is  engaged  between  the  thisDer  ends 
of  the  two  or  more  adjacent  to  it;  and  thus  fasciculi  are  gradually 
formed,  of  which  every  fibre  is  developed  from 
'*'■  one  elongated  cell,  except  where  two  or  more 

cells  have  united  end  to  end,  so  as  to  form  one 
long,  continuous  filament.  In  the  production 
of  areolar  tissue  in  inflammatory  exudations, 
or  in  granulating  wounds,  the  nuclei  of  these 
fibre-cells  appear  to  waste  and  be  absorbed: 
but  in  the  normal  course  of  development,  which 
may  be  seen  to  take  place  on.  this  plan  in  the 
subcutaneous  areolar  tissue  of  the  foetus,  aa 
well  as  in  many  other  situations,  it  is  probable 
that  they  develop  themselves  into  the  'nuclear 
DeToiqpmtniotiibrMfroni  Qbrcs'  of  Hcule,  which  coHstitute,  in  fact,  the 
eiMMieiii.  ».TbeHin«,be.  yellow  or  elastic  filaments  that  are  intermin- 
coBiiBgp^^Btoj^e.  Th.«ne,  g]g^  ^^^^  jfjg  white  in  this  tissue'"  (p.  278). 
HLns  •t"i  >pi«nDL  d.  Tbs  2.  lu  case  of  the  filling  up  of  subcutaneoos 
nun* eioiig»ted»toabrM  the  ^Qy^jg  gg  gf  teudous  especially,  the  white 
fibrous  element  is  formed  directly  by  the  /ibril- 
lation  of  a  nucleated  blastema.  This,  when  first  efifused,  "seems  like 
a  mere  fibrinous  exudation,  usually  containing  a  quantity  of  finely- 
molecular  or  dimly-shaded  substance,  but  having  no  appearauee  of 
distinct  nuclei;  these,  however,  gradually  present  themselves  in  it, 
as  oval  bodies,  with  dark,  hard  outlines,  which  soon  become  elon- 
gated, and  are  so  firmly  imbedded  in  the  surrounding  substance  that 
they  can  scarcely  be  dislodged.  The  blastema  gradually  acquires  a 
more  and  more  distinct  fibrous  appearance,  and  at  last  exhibits  a 
regular  filamentous  structure;  the  nuclei  themselves  undergoing 
little  change  during  this  time,  but  appearing  to  govern  the  direction 
of  the  fibrillation.  As  the  texture  goes  on  to  completion,  the  nuclei 
are  either  absorbed — which  seems  to  be  the  case  in  the  connecting 
tissue  formed  for  the  reparation  of  injuries,  as  well  as  in  the  normal 
development  of  tendons — or  they  undergo  a  further  development 
into  '  nuclear  fibres.'  This  is  effected  by  their  extension  at  both 
ends,  80  that  the  nuclei  thus  prolonged  meet  and  unite;  their  par 
tides  taking  on  that  very  uniform  linear  arrangement  by  which  the 

'  Paget'B  "LectDrea  on  tho  ProooBaea  of  Repair  and  BeprodacUon  aftar  Injariw," 
in  Uedicsl  Gaiette,  1S49,  vol.  zliii.  p.  10t>». 
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fibres  of  this  tissue  (i.  e.  the  yellow  fibrous)  seem  to  be  cbaracterized, 
and  sometimes  perhaps  undergoing  a  partial  or  complete  develop- 
ment into  cells.  The  rate  at  which  the  production  of  fibrous  tissue 
takes  place  in  the  manner  now  described  is  at  first  very  rapid,  well- 
marked  filaments  being  detectable  in  the  blastema  within  seven  or 
eight  days ;  and  the  tenacity  of  the  bond  thus  formed  between  the 
two  ends  of  a  divided  tendon  is  such  that  in  one  of  Mr.  Paget's 
experiments,  within  ten  days  after  the  operation,  the  reunited  tendo- 
Achillis  of  a  rabbit  (the  new  tissue  being  a  cord  of  not  more  than 
two  lines  in  its  chief  diameter),  supported  a  weight  of  above  fifty 
pounds.  The  subsequent  changes  take  place  more  slowly ;  but  the 
reparation  of  divided  tendons  has  been  found  to  be  so  complete 
within  five  months  after  the  operation,  that  no  trace  of  the  sections 
could  be  discovered  even  by  microscopic  examination."*  It  is,  how- 
ever, lo  be  remembered  that  non-inflammatory  exudations  alone  can 
become  organized  in  this  way ;  they  passing  at  once  into  tissues, 
while  the  inflammatory  require  an  intermediate  process  of  cell-life 
to  accomplish  the  same  result  (p.  186). 

Regeneration  of  Areolar  Tissue. 

Areolar  tissue  is  very  perfectly  regenerated  if  removed ;  but  the 
most  completely  so  in  situations  where  it  is  most  condensed,  or  ap- 
proaches more  nearly  to  mere  white  fibrous  tissue. 

Indeed,  it  is  an  imperfectly-developed  areolar  tissue,  rather  than 
the  original  one,  which  repairs  losses  of  substance  in  most  parts  and 
organs,  as  the  skin,  tendons,  and  even  the  parenchyma  of  organs — 
as  when  parts  of  the  liver  or  brain,  &c.,  are  removed  by  suppura- 
tion or  by  injury. 

Paihohgioal  States  and  New  Formations  of  Areolar  Tissue. 

Here  we  have  to  distinguish  the  pathological  conditions — 

I.  Of  the  fibrous  framework  of  this  tissue. 
II.  Of  the  areolae  and  their  contents. 

I.  The  fibrous  framework  is  liable  to  atrophy,  in  which  the  blood- 
vessels collapse,  together  with  the  framework  in  which  they  are  dis- 
tributed. It  is  quite  probable  that  the  hypertrophy^  so  called,  of  the 
areolar  tissue  is  a  new  formation  of  the  same. 

II.  But  the  most  important  changes  occur  in  the  contents  of  the 

areolae. 

■ 

*  Paget,  "Lectures,"  &o.,  ut  supra,  p.  1070-71. 
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1.  An  increase  of  the  natural  serous  fluid  of  the  areolae  consti- 
tutes oedema  or  swelling;  and  if  of  considerable  extent,  and  occurring 
in  the  subcutaneous  areolar  tissue,  it  constitutes  anasarca  or  dropsy, 
and  which  usually  occurs  in  the  lower  limbs  first,  for  the  reason 
specified  at  the  end  of  the  next  sentence.  In  dropsy,  moreover,  the 
tissue  yields  to  pressure,  or  "pits,"  since  the  fluid  is  forced  from  one 
areola  to  another;  and  it  also  passes  from  one  part  to  another  under 
the  influence  of  gravity. 

2.  In  case  of  inflammation  in  the  areolar  tissue  (areolitis),  the 
areolae  become  filled  with  an  exudation  instead  of  the  natural  trans- 
udation, and  which  may  become  subsequently  organized  (p.  187). 
If  so,  the  areolar  tissue  presents  an  indurated  feeling,  since  the 
areolsa  are  filled  by  a  solia  substance ;  and  the  skin  becomes  quite 
immovable  over  the  indurated  portion.* 

8.  If  the  exudation  filling  the  areolar  tissue  degenerates  into  pus, 
it  will  be  evacuated  by  ulceration,  if  it  is  not  so  artificially. 

4.  A  sudden  diminution  of  the  fluid  in  the  areolae  sometimes  oc- 
curs, as  in  Asiatic  cholera  and  other  diseases  attended  by  profuse 
liquid  alvine  discharges.  Here  the  fluid  is  absorbed  into  the  blood 
directly,  to  compensate  the  loss  from  this  fluid  by  the  transudation 
into  the  alimentary  canal  from  its  vessels.  The  immediate  effect  is 
a  rapidly-induced  shrivelled  appearance  of  the  skin;  and  which  is 
more  apparent  in  infants,  while  it  is  also  soonest  removed  in  them 
after  the  discharges  cease. 

6.  Bxtravasai^  blood  may  accumulate  in  the  areolae,  and  gravitate 
from  one  to  another,  as  is  seen  in  case  of  ecdhymosts  under  the  skin. 
The  blood  is  removed  by  absorption,  or,  undergoing  a  change,  is 
discharged  by  the  ulcerative  process. 

6.  The  normal  fluid  in  the  areolae  may  be  replaced  by  air,  consti- 
tuting a  pneumatosis  or  emphysema.  This  may  result  irom  decora- 
position  in  the  tissue,  but  more  frequently  from  the  air  being  forced 
into  the  areolae  from  without.  In  the  latter  case  it  may  be  soon 
reabsorbed  without  producing  injurious  consequences '(p.  286). 

7.  Fatcells  may  fill  the  areolae  where  they  do  not  usually  exist, 
or  may  greatly  increase  where  ordinarily  found.  This  state  is,  how- 
ever, rather  a  hypertrophy  of  the  adipose  tissue,  as  will  be  seen.  It, 
however,  interferes  with  the  elasticity  of  the  areolar  tissue,  and  thus 
with  the  mobility  of  parts  and  organs;  and  so  far  produces  a  patho- 
logical condition  of  the  tissue  under  consideration. 

8.  In  case  of  atrophy  of  this  tissue,  the  areolae  are  filled  with  plates 
of  cholesterine,  pigment-cells,  and  often  also  the  carbonate  and  phos- 
phate of  lime. 

9.  The  subcutaneous  areolar  tissue  is  the  seat  of  numerous  patho- 
logical changes,  especially  sarcomatous  and  lipomatous  tumors.  The 
surgeon  must  also  bear  in  mind  the  changes  in  thickness  it  under- 

'  Au  areolitis  sometimes  occurs  in  the  superficial  fascia  of  new-born  cliildivn, 
and  ia  sometimes  termed  the  "skin-bound"  condition. 
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goes — as  has  been  stated  (p.  291) — ^in  case  of  ligation  of  the  large 
arteries,  since  they  lie  under  the  deep  fascia,  which  does  not  vary  in 
thickness,  and  require  a  division  of  the  superficial  fascia  to  arrive 
at  the  latter. 

10.  Reparative  new  formations  of  areolar  tissue  have  already  been 
described  (p.  292).  Pathological  new  formations  are  not  inflrequent ; 
often  constituting,  as  they  do,  the  stroma  of  cancerous  growths,  in 
the  areolffi  of  which  the  cancer-cells  are  deposited.  It  is,  however, 
often  very  difficult  to  decide,  in  particular  instances,  whether  a  pa- 
thologicid  new  formation  consists  mainly  of  the  white  fibrous  or  of 
the  areolar  tissue,  on  account  of  its  imperfectly-developed  state;  and 
some  of  the  formations  mentioned  on  page  283  woula  by  some  ob- 
servers be  regarded  as  of  the  areolar,  rather  than  of  mere  collagenous 
tissue. 


CHAPTER    V 


ADIPOSE  TISSUE. 


Adipose  tissue  and  fat,  are  terms  often  used  to  denote  the  same 
thing.  But  we  have  seen  that  human  fat  is  a  fluid — a  compound 
of  oleine,  margarine  and  stearine ;  the  first  holding  the  other  two 
in  solution  (p.  76, 1).  It  is  also  found  constituting  in  part  the  gran- 
ules in  almost  all  kinds  of  cells  (epithelial,  &c.),  and  in  the  form  of 
minute  drops  (fat  globules),  in  the  interstices  of  many  tissues  (p. 
78). 

But  in  adipose  tissue,  the  fat  is  contained  in,  and  completely  fills 
the  adipose  celU;  and  the  tissue  consists  of  the  two  following  ele- 
ments : — 

I.  The  adipose,  or  fat-cells. 

n.  A  matrix  of  areolar  tissue  diffused  among  the  cells, 
and  holding  them  together — the  intercellular  areolar 
tissue. 

I.  The  adipose  cells  (Fig.  185),  are  peculiar  in  several  respects. 
Ist.  They  contain  no  granules;  but  only  the  clear  fluid  before  men- 
tioned. 2d.  When  fully  developed,  they  have  no  apparent  nucleus 
or  nucleolus;  though  Kcilliker  always  finds  a  nucleus  when  they 
are  but  partially  filled.    3d.  The-cell-wall  is  apparently  of  simple 
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membraDG,  but  very  thick  comparative!/ — even  t»^ot  of  an  inch.' 
4tb.  The  fkt-cell  is  also  larger  than  other  cells,  being  from  t^^,  to 
r  Jt  of  *"  '"°^  {Kolliker),  and  averaging  aiu  of  an  inch  in  diameter. 
They  are  smallest  in  young  animala.  Those,  however,  of  the  aarae 
mass  diSer  in  size.     They  present  no  peculiarity  in  respect  to  form; 


Fig.  18B. 
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being  globular  originally  and  in  young  animals,  and  polygonal 
when  pressed  together  in  a  mass  in  the  adult  (Fig.  186.) 

In  color,  adipose  cells  are  usually  of  a  yellowish  shade;  but 
lighter  in  young  than  adult  animals.  Hence  adipose  tissue  is  osu- 
ally  of  this  color. 

The  contents  of  the  fat-cells  become  solid  at  the  temperature  of 
68°  (Fahr.)  and  lower,  since  the  oleine  congeals  at  this  temperature. 
After  death,  therefore,  human  fat  is  solid. 

II.  The  connective  tissue  between  the  fat-cells  usually  presents 
nothing  peculiar,  it  being  mere  areolar  tissue.  It  is,  however, 
sometimes  merely  a  connective  substance  or  plasma.  {Kiilltker.)  It 
has  already  been  shown  that  &t-cells  often  fill,  partially  or  entirely, 
the  areolie  of  areolar  tissue,  as  of  the  superficial  fascia ;  though  a 
small  amount  of  areolar  fluid  still  exists  between  the  cells,  except 
where  they  are  in  perfect  contact.  But  in  case  of  adipose  tissue, 
the  cells  are  aggregated  in  larger  masses,  and  the  connective  areolar 
tissue  is  comparatively  slight  in  amount.    These  masses  take  the 

■  Todd  and  BovDiau  think  eacli  fat-cell  lias  its  ovu  enveli^  of  areolar  titsae, 
and  ita  distinct  Tesaela.  Thia  is,  honerer,  certaiDly-  not  the  cais  with  all  oT  them, 
though  it  is  with  some. 
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foltD  of  lobes  or  lobules,  which  arc  alan  bound  together  by  still 
larger  taaciculi  of  areolar  tissue.     The  relations  of  the  fat-cella  and 
the  iateccellular  counective  tissue  are  shown 
by  Fig.  187.  «8. 187. 

Veaeels  of  Adipose  TUstte. — Each  fat-cell  is 
surrounded  by  a  loop  or  loops  of  capillary 
blood  vessels ;  all  the  capillaries  of  a  single 
terminal  artery  looping  around  the  cells  of 
a  single  lobule,  (Fig,  188.)  Hassall  com- 
pares such  a  lobule  of  cells  to  a  bunch  of 
grapes.  The  vessels  of  the  lobule  do  not, 
however,  apparently  grow  from  the  cells  like 
the  stems  of  grapes,  though  there  is  a  gene- 
ral analogy.  No  nerves  or  lymphatics  be- 
long to  the  adipose  tissue,  though  both  may 
be  found  traversing  it  on  their  way  to  other  | 
tissues. 
f  ■J*tculiarieies, — Sometimes  a  minute  star-shaped  body  may  be  seen 

k  fnt-ce^  in  the  human  subject.     (Fig.  189.)    This  is  generally 

Fig.  18S. 
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said  to  consist  of  the  margarin  in  a  crystalline  form.  KolUker, 
however,  regards  it  as  margaric  acid.  This  appearance  is  more 
eommon  in  the  aged. 


Fig.  189. 
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In  the  emaciated  subject  scarceSj  aoy  nor* 
mal  fat-cells  are  met  with ;  but  tliis  topic  will 
be  resumed  in  the  last  eabdivision  of  tiiis 

chapter.  -^H 

Peciiliarilies  in  the  Lower  Animals.     ^H 
Fat  cells  do  not  exist  in  the  iovertebreU, 
though  fat-globuiea  do  (p.  73),  and  oflen  in 
great   abundance.      There    is,    therefore,  in 
FuMeiu  wtih  arrtteii  o(    them  xio  tfuc  adiposc  tissue.     The  larvaj  of 
nijirg»ri«  wild.  a.  Crii  wiib    ing,icig  couialn   a   Ursje  amount  of  fat-glo- 

n>  llier  [MT  be  taiud  nol  on-      OUleS. 

TuiDiiionij  la  Donoiii  fki.  i.  The  fat-cells  of  the  pig  are  generally  some- 
cauqniutui»dirith<irr>wii.  what  kidney-shaped.  In  birds,  they  are 
w'^Jt^tairf"'.^/^— Mm'  smaller  than  ia  man,  and  often  contain  a 
aiBed  3iw  di.Bigi«H.  (J[^a^  bright  colored  fluid;  e.g.  the  bright  colors 
*^-)  about  the  beak,  and  of  the  legs  in  some  spe- 

cies, are  said  to  depend  on  layers  of  ceUa 
beneath  the  skin  containijig  colored  fat.  The  bright  colors  of  cer- 
tain crustaceans  and  reptiles,  are  also  due  to  a  similar  cauae,  when 
not  dependent  upon  pigment-cells.  Wa^er  believes  that  the  color 
of  the  iris  in  birds  is  ^so  due  to  a  deposit  of  fat. 

The  fat  of  different  animals  presents  four  varieties,  so  far  as  its 
density  after  death  is  concerntid ;  viz.,  oil,  lard,  tallow,  and  sperma- 
ceti— the  first  containing  the  most  oleine,  and  the  last  the  most 
stearine.  The  fat  of  the  bear  does  not  congeal  at  ordinary  tempe- 
ratures, i.  e.  it  remains  an  oil;  and  hence  its  value  to  perfumers. 
Lard  is  obtained  from  the  hog;  tallow  from  the  ox,  sheep,  kc, 
and  spermaceti  from  cavities  in  the  Cranium  of  the  whale.  Human 
fat  ia  intermediate  in  density  between  lard  and  tallow.  The  &X 
upon  the  omentum  of  the  sheep  is  called  suet.  ^^t 

Chemical  Oom^xysition  0/  Adipose  l\s»ue.  ^H 

This  includes,  (1)  the  composition  of  the  fluid  fat  itself;  (2)  that 
of  the  walls  of  the  fat-ceUa ;  and  (3)  of  the  intercellular  areolar 
tissue. 

1.  If  adipose  tissue  be  exposed  to  a  high  temperature  the  fat  cells 
burst,  and  the  fat  escapes;  the  cell-walls  and  the  areolar  tissue  form- 
ing a  solid  residue.  It  has  already  been  shown  that  the  fat  consists 
of  oleine,  stearine,  and  margarine;  and  tlieir  composition  has  been 
specified  on  page  76. 

2,  The  composition  of  the  cell-wall  is  not  precisely  known;  biii 
there  is  no  room  to  doubt  that  it  is  an  albuminous  compound. 


ADIP08E  TISSUE.  209 

8.  The  intercellalar  areolar  tissue  has  the  same  composition  as 
areolar  tissue  in  other  situations  (p.  287). 

It  should  be  added  that  a  small  amount  of  serous  fluid  bathes  the 
&t-cells — the  intercellular  fluid;  and  which  does  not  differ  in  com- 
position from  that  in  the  areolae  of  the  areolar  tissue. 

Distribution  of  Adipose  Tissue  in  Man, 

This  tissue  is  very  generally  diffused  throughout  the  human 
organism,  and  in  the  adult  usually  constitutes  about  ^  part  of  the 
weight  of  the  body.  In  women  and  children,  however,  it  averages 
somewhat  more  than  this  proportion. 

It  has  been  seen  (p.  290),  that  fat-cells  exist  in  the  areolae  of  the 
superficial  fascia,  in  most  situations.  This  is,  however,  not  much 
developed  in  the  foetus  till  the  sixth  month,  and  hence  a  foetus  born 
at  or  before  this  period,  has  a  peculiar  shriveUed  look;  while  at  the 
ftill  term  it  is  plump  and  well-rounded.  Some  of  the  areolar  fluid 
also  remains  between  the  fat-cells  in  the  superficial  fascia. 

In  the  following  parts,  fat  is  most  abundant  in  the  adult;  upon 
the  soles  of  the  feet  and  the  palms  of  the  hands ;  upon  the  pubes 
and  the  nates;  around  the  mammary  gland  of  the  female;  upon  the 
great  omentum,  and  beneath  the  skin  of  the  abdomen.^  It  is  also 
accumulated  between  the  inner  layer  of  the  pericardium  and  the 
substance  of  the  heart;  around  the  origin  of  the  large  vessels;  in 
the  orbital  cavity;  in  the  spinal  canal,  outside  of  the  theca  verte- 
bndis,  and  in  the  medullary  cavities  of  the  bones.  In  cases  of  the 
extremest  emaciation,  the  fat  does  not  entirely  disappear  in  the 
parts  mentioned  in  the  preceding  sentence.  Fat  is  also  deposited 
around  joints,  and  in  many  fossse.  The  fitt  in  bones  is  called  mar- 
row, and  differs  from  ordinary  adipose  tissue  only  inasmuch  as  its 
cells  contain  somewhat  more  oleine  {Lehmanri) ;  are  more  globular, 
from  not  being  exposed  to  pressure ;  and  in  containing  but  a  slight 
admixture  of  areolar  tissue. 

On  the  other  hand,  since  the  contents  of  the  fat-cells  are  liable  to 
undergo  sudden  variations  in  quantity,  there  are  certain  parts  in 
which  no  adipose  tissue  is  ever  found.  These  are  the  eyelids,  the 
ears  (except  the  lobule),  the  lungs,  the  penis  and  scrotum,  the  cli- 
toris, the  nymphse,  between  the  rectum  and  bladder  in  the  male, 
and  between  the  rectum  and  vagina  in  the  female;  on  the  brain  and 

*  In  those  Bitoations  where  the  areols  of  the  inbcataiieoas  areolar  tissue  inclose 
Cat-cells,  Kdlliker  terms  it  the  panniculus  adipo$u». 
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in  the  axilla;  and  hence  these  parts  (except  the  brain)  become 
highly  oedematous  (p.  294, 1)  from  inflammation,  contusions,  &c.;  as 
the  parts  whose  areolae  are  filled  with  fat-cells  cannot.  Besides,  it 
does  not  exist  under  the  epicranial  aponeurosis,  under  the  mucous 
membranes,^  in  the  aorium  of  the  skin,  nor  between  overlapping 
muscles. 

The  fat  in  the  brain  and  nerves,  is  not  in  the  form  of  adipose 
tissue — not  in  fat-cells;  but  enters  into  the  chemical  composition  of 
the  tissues  themselves. 

E'at-cells  are  never  entirely  absent  in  the  heart,  in  the  orbit,  and 
between  the  muscles  of  the  face. 

Peculiarities  of  Distribution  of  Fat. 

The  adipose  tissue  under  the  skin  of  the  abdomen  sometimeB 
accumulates  to  a  great  amount,  in  one  instance  forming  a  layer  14 
inches  thick  I  This  increase  is  most  likely  to  occur  in  men  at  the 
age  of  about  forty  years.  Occurring  also  in  women  at  this  period, 
or  somewhat  earlier,  and' most  frequently  in  those  who  have  never 
had  children,  the  consequent  enlargement  has  sometimes  been  mis- 
taken for  a  time  for  pregnancy. 

It  has  been  observed  that  Hottentot  women  manifest  a  peculiar 
tendency  to  the  accumulation  of  fat  upon  the  nates;  which  does 
not,  however,  appear  till  after  the  birth  of  a  child.  This  is  by  them 
considered  an  important  element  of  female  beauty.  In  all  male 
animals,  on  the  other  hand,  a  tendency  to  accumulate  fat  is  pro- 
duced by  castration.  It  often  also  accumulates  in  women  when 
they  cease  to  conceive,  and  in  those  who  are  barren. 

Certain  individuals  are  remarkable  for  the  accumulation  of  &t 
upon  the  body  generally,  while  others  are  as  remarkable  for  a  desti- 
tution of  it.  A  Greek  writer  tells  of  a  person  who  was  obliged  to 
attach  iron  to  his  sandals,  lest  he  be  blown  away  when  he  went 
abroad.  On  the  other  hand,  Daniel  Lambert,  the  Lancastershire 
giant,  weighed  739  pounds;  the  circumference  of  his  body  being 
9  feet  4  inches,  and  of  his  leg,  3  feet  1  inch.  His  coffin  was  6 
feet  4  inches  long,  4  feet  4  inches  wide,  and  2  feet  4  inches  deep. 
The  author  saw  a  young  woman  in  Paris,  18  years  of  age,  who 
weighed  over  500  pounds.  Paolo  Moccia  was  so  fat  as  to  weigh  30 
pounds  less  than  his  bulk  of  water,  and  consequently  he  could  not 

*  An  exception  is  found  in  the  soft  palate,  where  there  is  an  abundance  of  jellov 
fat,  often  seen  througl^the  membrane  in  the  case  of  anemic  subjects. 
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sink  in  water.  And  a  Spanish  general,  who  was  enormously  cor- 
pulent, is  said  to  have  removed  the  fat  so  rapidly  by  drinking  large 
qaantities  of  vinegar,  that  he  could  wrap  the  loose  skin  around  him 
like  a  cloak. 

Such  extreme  degrees  of  obesity  must,  however,  be  regarded 
rather  as  a  pathological  condition,  and  which  is  incompatible  with 
a  long  life.  So  great  a  weight  of  fat  encumbers  the  heart  especially, 
and  hence  the  pulse  becomes  feeble,  and  loss  of  blood  is  not  well 
tolerated.  In  view  of  the  ultimate  consequences,  therefore,  this 
condition  (called  polysarcia)  often  requires  the  adoption  of  means 
to  diminish  the  amount  of  fat.  The  author  is  cognizant  of  an  in- 
stance in  which  this  object  was  very  promptly  secured  by  the  use 
of  nitric  acid.  But  it  has  been  shown  by  Dr.  T.  K.  Chambers,  in 
his  "Lectures  on  Obesity,"*  that  the  most  reliable  remedy  in  such 
cases  is  the  liquor  potassae.  It  is  possible  that  the  fat  is  reabsorbed 
into  the  blood  from  the  fat  cells,  to  combine  with  the  potassa  and 
form  a  soap  or  emtdsion ;  after  which  it  i^  burned  up  by  combina- 
tion with  oxygen,  as  a  calorific  element.  For  such  an  absorption 
into  the  blood,  doubtless  occurs  from  the  fat-cells  in  cases  of  emacia- 
tion; and  Henle  has  seen  the  blood  so  laden  with  fat  after  a  profuse 
hemorrhage,  that  it  formed  a  distinct  pellicle  on  its  surface. 

A  superabundance  of  adipose  tissue,  or  a  privation  of  it,  has 
alike,  in  all  ages,  been  regarded  as  a  legitimate  subject  of  derision. 
Sir  John  Falstaff  is  the  impersonation  of  the  class  included  in  the 
first  category,  except  perhaps  in  respect  to  his  activity;  who  repre- 
sents himself  as  being  "a  man  of  continual  dissolution  and  thaw," 
and  who  had  "a  kind  of  alacrity  in  sinking."*  The  dramatist  has, 
however,  committed  a  physiological  mistake  in  the  last  expression, 
as  has  already  been  shown.  He  has,  however,  in  another  passage, 
recognized  the  effect,  in  diminishing  the  deposit  of  fat,  of  intense 
and  continued  intellectual  effort  and  anxiety,  and  consequent  loss 
of  sleep : — 

"  Let  me  have  men  about  mo  that  are  fat ; 
Sleek-headed  men,  and  such  as  sleep  o'  nights. 
Yond'  Cassias  has  a  lean  and  hungry  look  : 
He  thinks  too  mnch:  such  men  are  dangerous.'' 

Julius  Casafj  act  1.  so.  2. 

*  London  Lancet,  for  1850,  vol.  ii.  p.  443. 

'  **  You  maj  know  bj  my  size  that  I  hayo  a  kind  of  alacrity  in  sinking." 

"Think  of  that;  a  man  of  mj  kidnej — ^think  of  that;  that  am  as  subject  to 

heat  as  butter ;  a  man  of  continual  dissolution  and  thaw.     It  was  a  miracle  to 

escape  snlTocation." — Aitrry  Wives  qf  Windsor ^  act  iii.  sc.  5. 
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It  has  been  sometimes  remarked  that  &t  men  can  endure  loss  of 
sleep  better  than  the  lean.  So  far  as  this  is  the  fact — and  it  is  be- 
lieved to  be  generally  true — ^the  author  is  inclined  to  associate  it 
with  more  active  powers  of  nutrition,  which  secure  the  deposit  of 
fat  in  spite  of  the  privation  of  sleep.  The  dyspeptic,  on  the  other 
hand,  requires  more  sleep ;  though  with  it,  even,  he  remains  lean. 
There  is,  however,  in  some,  a  constitutional  tendency  to  deposit  fat; 
and  who,  though  they  become  confirmed  dyspeptics,  still  continue 
in  good  condition  in  this  respect.  Indeed,  there  are  also  national 
differences  in  this  respect.  Englishmen  are  more  prone  to  oorpn- 
lence  than  Americans;  a  result,  probably,  of  the  combined  influence 
of  a  freer  use  of  fermented  liquors,  and  of  a  damper  climate  in 
England ;  for  the  former  contain  elements  favorable  to  the  depo- 
sition of  fat,  and  the  latter  induces  a  less  active  condition  of  the 
skin.  The  Bedouin  Arabs  are,  on  the  other  hand,  remarkable  for 
their  leanness ;  'for  which  their  simple  and  spare  diet  and  the  dry 
atmosphere  in  which  they  live,  together  with  their  active  habits, 
must  mainly  account.* 

Circumstances  modifying  the  Deposit  of  Fat. 

A  constitutional  tendency  to  deposit  fat  has  been  alluded  to;  but 
several  circumstances  also  exert  a  powerful  influence  in  this  respect 
The  most  important  are : — 

1.  The  kind  of  diet. 

2.  The  amount  of  exercise. 

3.  The  state  of  the  function  of  respiration. 

1.  The  non-nitrogenized  elements  of  our  food — starch,  sugar, 
gum,  dextrine,  and  fat — tend  specially  to  the  development  of  fet 
So  also  do  distilled  and  fermented  liquors. 

'  Not  a  few  epitaphs  have  been  suggested  by  the  present  subject,  and  two  may 
be  forgiven  here.  The  first  commemorates  the  burial-place  of  a  remarkably  cor- 
pulent deacon : — 

'*  Take  heed,  gentle  trareller,  and  do  not  tread  hard. 
For  here  lies  Deacon  Stafford  in  all  ihit  thurdiyard** 

The  other  epitomizes  the  life  and  the  death  of  an  honest  taUow-chandler,  who, 
becoming  very  wealthy  from  success  in  business,  retired  to  the  country,  and  there 
became  so  obese  from  inaction,  that  he  died  in  consequence : — 

"  Here  lies  in  earth  an  honoKt  fellow, 
Who  dUd  hjfat,  but  lived  bj  tallow." 
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2.  A  sedentary  or  a  sluggish  life  also  favors  the  deposit  of  fat. 
Even  carnivorous  animals,  though  always  lean  in  their  natural 
state,  become  fat  when  closely  caged,  and  fed  on  a  mixed  diet. 

8.  Breathing  an  atmosphere  imperfectly  supplied  with  oxygen, 
is  a  third  cause  of  fatty  deposit.  To  this  we  may  also,  doubtless, 
add  privation  of  solar  light,  and  a  damp  atmosphere. 

4.  On  the  contrary,  a  diet  more  exclusively  nitrogenized  (albu- 
men, musculine,  &c.,  as  in  eggs  and  lean  meat),  abstinence  from 
distilled  and  fermented  liquors,  and  habitual  active  exercise  in  the 
open  air,  tend  to  prevent  an  accumulation  of  fat,  or  to  remove  it  if 
already  existing. 

Moreover,  emaciation  may  be  induced  by  a  prolonged  discharge 
of  any  fluid  containing  a  considerable  proportion  of  fat.  Hence 
profuse  suppuration  or  hemorrhage,  or  excessive  sexual  indulgence, 
produces  leanness,  since  pus,  blood,  and  semen  are  rich  in  fat  (p.  74). 

While  the  fat  in  the  fat-cells  is  the  most  rapidly  formed,  it  is  also 
the  most  rapidly  resorbed,  of  all  the  immediate  principles  of  the 
human  body.  It  is  its  sudden  diminution  around  the  eyeball  which 
gives  the  sunken  appearance  to  the  eye,  even  a  few  hours  after  the 
invasion  of  certain  acute  diseases.  This  change  is  most  rapid  in 
children ;  and  they  also  most  rapidly  refill  the  fat-cells  when  con- 
valescence is  established. 

DistribtUion  of  Adipose  Tissue  in  the  Lower  Animals. 

Carnivorous  animals  are  naturally  lean,  since  they  are  necessarily 
active,  and  live  principally  on  the  nitrogenized  immediate  princi- 
ples contained  in  the  flesh  of  other  animals. 

Herbivorous  animals,  on  the  other  hand,  manifest  a  tendency  to 
accumulate  fat.  They  are  less  active,  and  consume  large  propor- 
tions of  starch  and  gum.  By  way  of  exception,  however,  the  rabbit 
is  said  to  be  almost  entirely  destitute  of  fat,  and  in  some  instances 
none  at  all  can  be  discovered.  There  is  a  species  of  sh^ep  in  Asia 
which  accumulates  a  mass  of  fat  which  is  situated  in  the  place  of  a 
tail ;  which  swings  to  and  fro  as  the  animal  walks,  and  sometimes 
weighs  even  40  pounds.  Fat  is,  however,  usually  most  abundant,  in 
ruminating  animals,  about  the  kidneys.  In  others  it  abounds  in  the 
mesentery  and  the  omentum;  and  in  others  still,  in  the  areolar  tissue 
under  the  skin.  The  latter,  in  the  seal  and  the  whale,  is  called  "blub- 
ber;" and  from  a  single  whale  120  tons  are  sometimes  obtained — 
the  deposit  being  from  4  to  20  inches  thick.  Spermaceti  is,  however, 
found  in  the  sperm-whale,  in  two  cavities  of  the  cranium;  while  the 
cells  of  the  adipose  tissue  also  contain  crystals  of  it.  (Fig.  190.)    The 
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Fig.  190. 
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cranial  cavities  sometimes  yield  20  tons.  IlibernatiBg"aniDiBls  lav 
up  a  large  store  of  fat  as  the  winter  sea- 
ROEi  approaches,  and  wbich  is  consumed 
to  raaiotain  the  animal  teat  during  their 
dormant  winter  state.  Heuce  they  are 
found  to  be  again  comparatively-  ema- 
ciated on  emerging  in  the  spring  from 
their  winter  quarters.  In  the  camel,  tbi* 
"humps"  are  masses  of  adipose  tiaaoe, 
aiid  are  absorbed  to  sustain  the  animal, 
if  suffering  from  privation  of  food. 

In  hirds,  fat  is  found  deposited  prin- 
cipally between  the  abdominal  mnKles 
and  the  peritoneum.    la  aquatic  birds  it 

*.«..■  ma^^aias^:IJy,ut  ui  ipsnn.-     Jg  JepOSited  IH  thC  bODCS  of  tfac  IcgS,  ftod 

ii«ou»irjBotM"i'.'(Q«^*«7"'  ""  ''^^  ^"^^  ^'"^^  °^  '^^  wings  and  of  tbe 
tail. 

In  reptiles,  fat  ia  found  chiefly  in  the  abdomen. 

In  fishes,  fat-cells  are  distributed  thropgliout  the  body  generally, 
except  in  the  cod,  the  haddock,  and  the  whiting.  In  all  these,  fat 
ia  found  oniy  in  the  liver.  (See  p.  79.) 

It  has  been  seen  that  fat-cells  do  not  exist  in  the  invertebrate  ani- 
mals. Fat,  however,  abounds,  in  the  form  of  globules,  in  the  mol- 
lusca  (oyster,  &c.);  and  in  the  insect,  both  in  the  pupa  and  in  the 
perfect  (or  imago)  state. 

The  tryinij  out  the  fat  of  the  lower  animals  consists  in  heating  the 
adipose  tissue  till  the  fat-cells  burst  and  set  free  their  contents.  Tbe 
scra2>8  are  tbe  remaining  areolar  tissue  and  vessels. 
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Uses  of  Fat  cm  a  Tissue. 
Adipose  tissue  fulfils  merely  cbemico-physical  offices  in  the 
ganism. 

1.  It  renders  tbe  skin  soft  and  flexible.  Reference  is  here  made 
to  the  fat  in  the  superficial  fascia,  or  subcutaneous  areolar  tissue. 

2.  It  gives  roundness  and  symmetry,  and  hence  grace  and  beauty, 
to  the  body.     Hence  it  is  more  abundant  in  the  female. 

3.  It  is  a  protection  against  pressure;  as  on  the  nates,  mons  ve- 
neris, lacteal  glands,  ka, 

4.  It  facilitates  motion;  as  package  between  muadea,  as  depo- 
sited under  the  skin,  around  the  eyeballs  and  tbe  heart,  and  in  tte 
omentum. 

5.  It  is  a  protection  against  cold,  being  a  bad  conductor  of  best. 
Thus  it  is  found  under  the  skin,  around  tbe  heart  and  large  vessel 
the  lacteal  glands,  in  the  great  omentum,  kc. 
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6.  Fat,  by  its  low  specific  gravity,  renders  the  human  body  lighter 
than  its  bulk  of  water  in  proportion  to  its  amount.  Hence  it  is  an 
aid  in  swimming. 

7.  Lastly,  the  fat  in  the  adipose  tissue  may  become  useful  as  nu- 
tritiye  material  in  cases  of  emergency ;  the  fat  being  reabsorbed 
into  the  blood,  and  then  becoming  "fuel  for  respiration"  (p.  77,  2). 

Fluid  fat  alone  is,  however,  merely  calorific,  and  will  not  long 
sustain  an  animal  (p.  76, 8).  But  adipose  tissue,  taken  as  food  into 
the  stomach,  will  nourish  for  a  long  period,  as  demonstrated  by 
Magendie;  since  it  also  contains  albuminous  elements  in  its  cell- 
walls,  and  osteine  in  its  areolar  tissue.  The  fact  that  all  cells  need 
fat  for  their  development,  since  all  nucleoli  consist  of  fat  {ffune- 
feld)^  has  already  been  specified  (p.  78, 6).  Hence  its  necessity  in  the 
blood ;  whence  it  is  also  derived  for  the  formation  of  bile  and  other 
secretions  (p.  77, 2).  The  use  of  fat  in  the  food,  as  an  aid  to  digestion, 
has  also  been  specified  (p.  78,  5);  and  Lehmann  suggests  that  the 
pancreatic  fluid  owes  its  power  in  this  respect  to  the  fat  it  contains. 
But  in  all  these  fluids  we  find  mere  &t-globules,  and  not  fat-cells. 

Development  of  Adipose  Tissue. 

The  adipose  or  fat-ceU  manifests  no  peculiarity  in  its  develop- 
ment.   At  first  small  and  nucleated,  it  subsequently  increases  in 
size,  and  its  nucleus  disappears.    Kcilliker  never 
£Eiils  to  find  the  nuclei,  however,  when  the  cells  are 
only  partially  filled  with  fat;  and  it  must  there- 
fore be  persistent.  (Fig.  191.) 

The  first  lobules  of  fat  appear  in  the  fourth 
month  of  intra-uterine  life,  in  the  palms  of  the 
hands  and  the  soles  of  the  feet.  The  subcuta- 
neous adipose  tissue  is  rapidly  developed  from 

r  _  ,  .     ,         Vi  1       -  ^  tkUxM  to  show  the 

the  seventh  month  to  birth.    Hence  the  foetus  at    nacieiu;from8ehwADn. 
five  or  six  months  has  a  wrinkled  condition  of    *";  ^"•^^-    *  ^»- 

dent. 

the  skin  generally. 

Is  the  fat  in  the  organism  formed  from  fat  alone  in  the  food  ? 
There  is  reason  to  believe  not  only  that  starch,  sugar,  &c.,  may  be 
converted  into  fat  in  the  organism,  to  a  very  slight  extent,  but  that 
even  from  albumen  also  fat  may  be  formed  in  small  quantity  in  the 
alimentary  canal  (p.  74).  Still,  neither  of  these  two  points  can  be 
regarded  as  established.  {Lehmann,^) 

■  Physiological  Chemistiy,  vol.  i.  pp.  230-32. 
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Orowth  of  Adipose  Tissue, 

Hassall  maintains  that  the  &t-cells  of  each  individual  persist 
through  life ;  they  being  merely  larger  or  smaller,  or  more  or  less 
full,  in  the  varying  states  of  the  adipose  tissue.  In  cases  of  extreme 
corpulence,  however,  there  can  be  no  reasonable  doubt  of  their  in- 
crease in  number.  Hassall  finds  the  fat-cells  several  times  smaller 
in  infants  than  in  adults ;  and  they  doubtless  increase  after  birth, 
as  do  the  cartilage-cells  (though  probably  more  slowly),  in  size 
rather  than  in  number. 

The  growth,  however,  appears  to  proceed  at  different  rates  in 
different  parts  of  the  body  after  birth,  and  also  in  the  same  part  in 
different  persons  of  the  same  age.  Harting  states  that  in  the  adult 
the  fat-cells  in  the  orbit  are  twice  as  large,  and  in  the  palm  three 
times  as  large,  as  at  birth. 

Regeneration. — It  is  doubtful  if  fat-cells  are  reproduced  after  a 
mass  of  the  adipose  tissue  is  removed ;  the  loss  being  repaired  by  a 
more  condensed  areolar  tissue,  such  as  usually  constitutes  the  sub- 
stance of  cicatrices. 

Pathological  States  and  New  Formations  of  the  Adipose  Tissue. 

I.  Atrophy  of  the  adipose  tissue  is  one  of  its  most  common  patho- 
logical conditions,  occurring  in  all  cases  of  emaciation,  and  in  ana- 
sarca. Here  either  the  cells  are  partially  collapsed,  or  their  contents 
become  changed.  KoUiker  specifies  the  following  conditions  of  the 
contents  of  atrophied  fat-cells : — 

1.  The  cells  are  granular,  containing  numerous  small  fat-drops, 
forming  whitish-jellow  clustered  lobules. 

2.  Cells  containing  a  dark  globule  only  of  fat,  the  rest  of  their 
contents  being  removed. 

8.  Cells  containing  serum  alone,  the  fat  having  been  entirely  re- 
moved. 

The  last  two  varieties  occur  in  anasarca.  KoUiker  states  that  in 
this  disease  the  cells  also  assume  a  stellate  form  (with  from  three  to 
five  processes),  and  become  diminished  in  size.  Wedl,  however, 
suggests  that  these  are  young  cells  of  white  fibrous  tissue. 

When  the  fat  leaves  the  cells,  it  must  first  be  mixed  with  the 
intercellular  fluid,  and  then  reabsorbed  by  the  lymphatics.  It  is 
the  accumulation  of  the  serous  fluid  in  the  areolae  of  the  areolar 
tissue  in  dropsy,  which  causes  the  fat  in  the  cells  to  disappear,  partly 
perhaps  by  exosmosis;  when  the  fat-cells  become  entirely  filled,  in 
turn,  with  the  serous  fluid. 
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4.    Fat-oelU    cootaiaing;  Fig.  162. 

crystals  of  margaric  acid,  a 

with  a  drop  of  fi»t ;  or  which 
are  entirely  filled  with  the 
former. 

The  T&rieties  just  men- 
tioned  are  represented  by 
Fig.  19^ ;  aod  in  all  of  them 
tbe  nucleus  and  nucleolus 
become  Terr  distinct. 

6.  Wedl  adds  another 
variety,  in  which  the  fat 
ia  subdivided  into  a  multi-  i 
tade  of  globules,  oflen  group- 
ed around  a  lighter-colored 
space  (serum). — In  many  of 
tnese  cases  the  cell-mem-  ' 
branes  are  no  longer  visible,    ' 

they  having  doubtless  been    1 

dissolved;    and   no  vestige    BM«d.— uiwiiiacdswdUnMKn.  {h-*u.) 
of  the  nucleus  can  be  per- 
ceived.   He  also  finds  that  the  cell-membrane  is  thickened  in  some 
cases  of  atrophy  of  the  cell-con^ 
tents,    several    o 
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being  visible  on  its  inner  aspect. 
I^ese  two  conditions  are  shown 
hy  Fig.  193,  where  three  normal 
Alt-cellB  are  also  added,  for  the 
sake  of  comparison. 

Hemarka. — Emaciation  occurs  in 
almost  all  chronic,  and  in  many 
acute  diseases.  It  ia  especially 
marked  before  death  by  tubercu- 
losis and  by  dropsy.  In  some  oases 
of  the  latter,  the  fat  of  the  adipose 
tisBtie  entirely  disappears,  except 
around  tbe  heart,  and  serum  takes 
its  place  in  the  adipose  cells,  as  has 
been  explained.  It  is,  however, 
a  singular  fact  that  even  phthisis 
generally  produces  little  orno  ema- 
ciation (even  though  the  structure 
of  the  lungs  is  iu  a  great  measure 
defitroyed),  provided  the  Uivr  m  aUo 
at  the  tame  lime  diseased;  especially 
if  from  stearosis,  or  tbe  "nutmeg 
liver."  as  it  is  called.     In  tubercu- 
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losis,  also,  the  aaponified  fats  are  far  more  diminiBhed  in  the  blood 
than  in  any  other  fluid.'  (p.  78.) 

II.  In  case  of  ht/pertrophy  of  the  adipose  tissae,  the  cells  are  filled 
to  distension  with  fat ;  and  in  extreme  cases  of  its  general  hyper- 
tropby — as  those  mentioned  on  page  300 — new  cells  are  doabtless 
formed  in  great  numbers,  together  with  an  extension  of  the  vessels, 
and  the  matrix  of  areolar  tissue ;  in  other  words,  there  is  a  new 
formation  of  this  tissue.  In  those  cases,  also,  the  accumulation  in- 
terferes with  the  action  of  the  muscles,  and  the  general  nutrition  is 
impeded.  Occurring  in  infants  at  the  breast,  it  produces. an  impo- 
verishment of  the  blood,  frequently  causing  death  rapidly  and  un- 
expectedly, {^gel) 

The  hypertropbied  fat  occurring  in  drunkards  is  soft,  unctuous, 
of  a  grayish-white  color  and  mawkish  smell;  and  it  not  unfre- 
qnently  presents  similar  characters  in  persons  who  have  been  cared 
of  secondary  syphilis.  In  cancerous  deposits,  especially  in  the  skin 
and  sobcutaneous  areolar  tissue,  abundant  deposits  of  firm,  granular, 
deep-yellow  fat  also  obtain.  {Ejigel.) 

III.  The  adipose  tumor  (Lipoma)  is  to  be  regarded  aa  a  new  forma- 
tion of  the  adipose  tissue.  So,  also,  are  various  forms  of  Steatoma. 
If  entirely  removed  in  these  cases,  it  is  not  reproduced.  In  the 
Lipoma,  some  of  the  fat-cells  may  be  of  enormous  size  (even  y^^  <^ 
on  inch  or  more  in  diameter),  mixed  with  others  of  the  normal  size. 
As  the  new  formations  of  fat-cells  never  take  place  without  that  of 

the  areolar  tissue,  toe  density  of  a  faiXj 
Pig.  194,  tumor  depends  upon  the  relative  amount 

'""^  of  the  latter.  (Fig.  194.)  When  the  firt- 
cells  are  gradually  replaced  by  a  fibrous 
tissue,  a  lardaceous  growth  (Steatoma)  is 
produced. 

Fat-cells  are  also  met  with  imbedded 
in  other  tumors,  as  in  polypus  uteri, 
throughout  which  they  are  sometimes 
disseminated.  The  Lipoma  arborescau 
{J.  Aluller),  rather  frequently  occurring 
in  the  knee-joint,  is  to  be  regarded  as  a 
new  formation  of  fat-cells  in  addition  to 
those  normally  existing  in  the  adipose 
ligament,  so  called,  of  that  articulation. 
Encysted  tumors  are  also  found  con- 
taining fat,  but  in  the  form  of  globules  and  granules,  and  not  in 
cells.  These  are,  therefore,  not  modifications  of  adipose  tissue.  The 
Cholesteatoma  (J.  Miiller)  is  the  most  common.  Here  the  cyst  or 
sac  is  lined  with  a  delicate  epithelium,  and  filled  with  concentric 
laminsB  consisting  of  strata  of  cells  resembling  those  of  sheep's  &( 

■  Beoqneral  and  Rodit-r. 
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only  0D«-half  as  large  in  diameter);  and  betweea  wbiob 
liiue,  crystals  of  cholesteriDe  are  found  in  abundance. 


CkolMUMOBB  of  tb«  bnln,  wnilitlBg  ot  ]i-j*n  of  epld«naU-Ilk«  mU*,  aii*aj  wtu  •  p*r1«MI 
BB(l«a*.    ChtlMUrtn*  pUl«  u«  dlnsmliiMtd  UBoif  the  Ufsn  at  tbe  mUl— lU^flwl  3M  dluas' 

Falty  Degeneration,  or  SUarotis. 

The  phrase  "fiitty  degeneration"  suggests  the  idea  that  certain 
parts  or  organs  bare  been  converted  into  fat,  or  into  adipose  tissue. 
Neither  of  these  ideas  is,  however,  correct.  An  organ  in  a  state  of 
&ttj  degeneration  is  one,  some  or  all  of  whose  structural  elements 
have  been  replaced  by/al,  in  ihe/orm  of  globules  or  granules,  and  not 
inclosed  in  lat-cells.  (Fig.  40.)  This  subject  has,  therefore,  no  histo- 
logical connection  with  the  adipose  tissue;  but  it  is  introduced  here 
to  inaare  a  correct  understanding  of  it,  as  contrasted  with  the  patho- 
logical formations  of  adipose  tissue. 

Fatty  degeneration,  or  stearosis,  most  frequently  occurs  in  the 
following  organs : — 

1.  In  the  hones,  Btearoais  is  usually  inaptly  termed  osteomalacia,  or 
mollities  ossium.*  In  this  disease  the  osseous  matter  disappears,  and 
tbe  interstices  thus  formed  are  filled  with  fat-globules;  and,  on  ma- 
ceration, the  bone  seems  to  consist  of  a  mere  gaaze-like  tissue-  The 
lacunse  also  become  enlarged,  and  tbe  pores  less  distincL    Fig.  196 


Fig.  196. 


a.  LMnBiudparootlwnrliilhaBDrm&liiKt*.  i.  Enlu-fCduluaioUltlM  o»Lou.  (JMrtnnpli.) 

■  HolUtiM  oulnm  mty  alio  result  fram  other  dlaeuea ;  a.  g.  from  cuuer  of  bona. 
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shows  their  appearance  as  compared  with  the  normal  state.  In  an 
extreme  case  of  mollities  ossinm,  Lehmann  found  in  the  riba  the 
following  elements,  in  100  parts : — 

Fat 56.92 

Other  organic  matters  ....  24.665 

Phosphate  of  lime        ....  15.881 

Carbonate  of  lime        ....  2.534 

2.  In  fatty  degeneration  of  the  hearty  only  one  or  two  fat-globules 
at  first  appear  within  the  myolemma  of  the  fibres;  but,  finally,  in 
some  cases  the  whole  fibre  is  occupied  by  them.  Then  the  fibres 
become  fused  together  into  a  more  or  less  opaque  mass,  in  which 
nothing  of  the  original  tissue  can  be  traced.  Fig.  259  shows  the 
incipient  and  the  most  advanced  stage  of  this  disease. 

An  accumulation  of  the  fat-cells  naturally  existing  under  the 
pericardium  and  in  contact  with  the  heart,  especially  if  it  also  in- 
sinuates itself  somewhat  between  the  muscular  fasciculi  and  fibres, 
is  often  mistaken  for  fatty  degeneration.  But  the  microscope  shows 
the  fat  to  be  in  the  ordinary  fat-cells,  and  of  the  average  size  of  ji^ 
of  an  inch  in  diameter ;  while  in  true  stearosis,  the  fat-drops  vaiy 
from  a  mere  microscopic  point  to  ^x^'i^if  of  an  inch  in  diameter,  and 
are  contained  within  the  myolemmata. 

3.  In  case  of  stearosis  of  paralyzed  muscles  also,  the  change  just 
mentioned  occurs ;  oil-globules  being  contained  within  the  myolem- 
mata (instead  of  the  fibrillaQ  hereafter  to  be  described),  and  the 
stridd  having  disappeared. 

But  stearosis  also  occurs  in  smooth  muscular  fibre,  at  least  in 
that  of  the  uterus  during  its  atrophy  after  parturition.  Here,  also, 
as  Kolliker  has  demonstrated,  the  fibre-cells  become  gradually  filled 
with  fat-drops;  after  which  some  entirely  disappear,  while  others 
are  reduced  to  their  size  previously  to  gestation. 

4.  In  fatty  degeneration  of  the  kidney,  the  fat-drops  exist  partly 
in  the  epithelial  cells  of  this  organ,  and  partly  in  a  free  state  among 
them.  The  disease  afiects  the  cortical  substance  more  especially. 
Sometimes  the  epithelial  cells  are  found  detached,  and  the  urinifer- 
ous  tubes  entirely  filled  with  fluid  fat. 

Oppoltzer  conjectured  that  the  urine  contains  tat  whenever  there 
is  stearosis  of  the  kidney;  which,  if  correct,  would  prove  a  great 
aid  in  diagnosis.  Lehmann,  however,  never  found  fat  in  the  urine 
in  this  disease,  except  in  a  single  instance.  The  fat  globules  some- 
times seen  in  the  urine  of  women,  frequently  proceed  from  the 
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external  genitals.    They  are  sometimes,  but  not  invariably  found 
in  the  urine  during  slow  fevers. 

It  should  be  borne  in  mind  that  the  human  kidney  naturally  con- 
tains a  small  quantity  of  fat  {Frerichs.)  Prof.  Beale^  has  also  shown 
that  in  diabetes  the  kidney  is  in  a  state  of  comparative  stearosis — 
or  increase  of  fat  The  normal  amount  of  fat  being  8.98  parts  out 
of  100  of  the  solid  matter  of  the  kidney,  from  three  to  five  times 
as  much  was  found  in  the  diabetic  kidney;  and  rather  more  than 
six  times  as  much  (26.97)  in  a  case  of  actual  stearosis.  On  the 
other  hand,  the  liver  in  diabetes  contains  only  from  about  one-third 
to  one-half  of  its  normal  amount  of  fat  It  is  thus  in  a  state  op- 
posed to  fatty  degeneration. 

5.  The  cells  of  the  Uver  naturally  contain  a  few  minute  oil-drops 
imbedded  in  a  mass  of  granular  matter;  the  fat  amounting,  accord- 
ing to  Prof.  Beale,  to  from  12.15  to  15.81  out  of  100  parts  of  the 
9oUd  matter  in  this  organ.  In  fatty  degeneration^  the  cells  are  filled 
to  the  extent  of  one-half  or  two  thirds;  and  are  sometimes  com- 
pletely engaged  with  colorless  fluid  oil;  the  whole  liver  in  some 
cases  containing  but  24.98  per  cent  of  water,  and  75.07  of  solid 
matter— of  which  latter  65.19  per  cent  is  iGatty  matter.  A  yellow 
matter  is  also  sometimes  seen  mixed  with  the  oil.  The  nuclei  of 
the  cells  disappear,  and  the  cell-wall 
sometimes  becomes  thickened  and 
striated.  In  advanced  cases,  the  cells 
are  found  even  to  be  broken  up  and 
lost,  and  their  place  is  occupied  by 
granules,  among  which  are  multi- 
tudes of  oil-drops  of  various  sizes. 
(Fig.  197.) 

The  cells  being  enlarged  by  the 
increased  amount  of  oil,  the  whole 
liver  undergoes  an  increase  of  size, 
and  the  minute  vessels  being  pressed 
by  the  development  of  the  cells,  it 
also  becomes  paler  than  usual.  It  also  is  found  to  lecrete  less  sugar, 
though  the  amount  or  quality  of  the  bile  seems  not  to  be  essentially 
modified,  as  a  constant  result 

There  is  reason  for  the  belief  that  &tty  degeneration  of  the  liver 


Fig.  197. 
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F«ttj  defeneration  of  the  liver,  a. 
Bnpt  J  mptored  eell  from  which  the  oil 
hM  eee^>ed.  6^  e,  <l»  «.  HepAUe  colli  oon- 
talnlng  mnch  oil. 


*  British  and  Foreign  Medico-Chirorgical  Review,  vol.  zii.  p.  226. 
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may  Ve  prodaced  by  an  excess  of  fatty  elements  in  the  food;  espe- 
cially if  combiDed  with  ioactive  habits.  This  state  of  the  organ  is 
directly  produced  in  fowls,  by  keeping  them  quiet  (beooe  a  dark 
place  is  better),  and  cramming  them  with  oily  food;  as  in  prodoe- 
ing  the  livers,  of  which  to  make  the  pate  de  J<m  gras.  No  such 
connection  is,  however,  known  to  exist  between  the  food  and  &tty 
degeneration  of  the  other  oi^ans  mentioned. 

6.  Something  very  analogous  to  &tty  degeneration  also  oooma  in 
arteries;  being  termed  tUhenma.  It  is  a  deposit  in  the  middle  coat 
of  the  artery,  and  visible  through  the  inner  coat,  of  a  polpy  dif- 
fluent substance,  and  which  has  sometimes,  therefore,  been  mia- 
taken  for  pus.  Some  authors  maintain,  on  insuffi<uent  groands,  it 
is  believed,  that  fibrine  merely,  is  first  deposited  in  oonsequence  of 
arteritis;  and  that  atheroma  is  merely  a  fiitty  degeneration  of  the 
fibrine,  and  not  of  the  arterial  coat  itself.  It  consists  principally 
of  fat-drops  with  crystals  of  cholesterine.    Figs.  198  and  199  shav 


Fig.  108. 


Fig.  190. 


its  appearance  in  the  early  and  in  the  advanced  stage.  It  conforms 
to  the  law  of  symmetry  in  a  remarkable  degree ;  occurring  gene- 
rally in  the  two  arteries  of  the  same  name  at  the  same  time,  t.g. 
the  two  iliacs,  and  the  carotids.  It  is  most  common  in  the  aorta, 
and  the  divisions  of  it  nearest  the  heart. 

7.  Fat  abounds  in  encephaloid  cancer;  being  here  also  in  tie 
form  of  drops. 
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CABTILAOE. 


CabtHiAOE  is  sometimeB  a  simple,  but  geoerallj  a  compound  tis- 
ane. It  ia  described  here  more  especially  because  of  the  advantage 
of  a  knowledge  of  the  structure  of  cartilage  as  preliminary  to  that 
of  the  development  of  bone. 

Cartilage  is  a  solid,  elastic,  bluish,  milk-white,  or  yellowish  sub- 
attnce,  presenting  two  varieties : — 

1.  Simple  cellular  cartilage. 

2.  Compound  cartilage;  consisting  of  cells  and  a  homogene- 

ous intercellular  substance. 

1.  Very  few  instances  of  the  simple  cellular  cartilage,  or  cartilage 
without  interstitial  substance,  occur  in  the  adult  mammal.  To  this 
class,  however,  belong  the  chorda  dorsalis  of  the  human  embryo, 
and  of  many  adult  fishes.  Many,  indeed,  of  the  festal  cartilages 
are  merely  cellular;  as  are  also  the  gill  laminn  of  fishes  in  part, 
and  those  of  the  external  ear  of  many  mammalia.  Fig.  200  shows 
the  cells  of  the  chorda  dorsalis  of  the  lamprey,  and  Fig.  201,  the 
cellular  cartilage  of  the  mouse's  ear. 


Fig.  300. 


Rff.  201. 


Fic.  VI.  c*iibI»  cutJtM*  or 


2.  The  compound  cartilages  (those  with  intercellular  substance), 
arc  of  two  kinds :  1.  TVue  cartilage  (or  hyaline  cartilage),  the  inter- 
cellular substance  being  homogeneous,  and  yielding  chondrine  on 


Fig.  203. 
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boiling.     2.  Those  with  a  fibroaa  intercellular  substance;  < 
white  fibrous  tissue,  or  clastic  tisane.     The  latter  are  termed  Jl 
cartilage,  \ii  case  the  intercellular  substance  is  white  fibrous  ti 
(Fig.  202);  and  rriicuiord 
'*'  lage  (or  yellow  cartilage)^! 

be  the  elastic  tissue, 
last  form  of  fibro-cartilage  « 
found  in  the  external  ear,  and 
the  cartilaginous  portion  of 
the  Eustachian  tube,  and  in 
the  epiglottis.  The  cartilaga 
of  Santorini  and  Wrisbeig 
(of  the  larynx),  and  that  ca 
the  condyle  of  the  lower  jaw, 
are  of  this  class.  The  struc- 
ture of  the  reticulated  carti- 
lage is  shown  by  Fig.  203. 
Hoppe  found  that  the  retica- 
lated  cartilages  yield  chon- 
drine  in  small  quantity  on 
boiling.  He,  however,  main- 
tains that  this  substance  is  not 
derived  from  the  cells,  nor 
from  the  elastic  fibres,  but 
from  a  third  (a  chondrine  yield- 
ing) substance,  surrounding 
the  cells.  Indeed,  from  hi* 
conclusions  in  regard  to  carti- 
lage-cells, he  was  led  to  the 
„  axiom     that    ccll-membranea 

and  cell-contents  never  consist  of  gelatigenous  substance  (osteins  or 
cartilageine) ;  and  can  never  be  metamorphosed  into  it. 

Fibro-cartilage  yields  only  glutin,  since  the  white  fibrous  liasoc 
constitutes  its  intercellular  substance.  All  the  intra-articular  fibro- 
cartilages  are  of  this  kind.  Its  structure  has  been  shown  by  Kg. 
202. 

Trve  S'l/altne  Cariilage. 
True  cartilage  consists  of  (1),  cartilage-cells,  and  (2)  a  hyaline  (or 
usually  granular)  homogeneous  subataace  (p.  108). 
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The  relative  amount  of  these  two  elements  varies  much  in  differ- 
ent cartilages;  either  element  alone  also  sometimes  constituting 
almost  the  whole  mass.. 

1.  CSartilage-ceZb  present  no  peculiarities  in  form,  being  rounded 
or  elongated,  flattened,  or  fusiform,  and  very  rarely  stellate,  as  in 
enohondroma,  and  in  cuttle-fishes  and  sharks.  From  1  to  4  (or 
eren  20  to  SO)  cells  exist  together  in  a  single  cavity'  in  the  inter- 
oellolar  substance;  and  sometimes  they  are  arranged  in  regular  rows, 
as  in  cartilages  in  which  bone  is  about  to  be  developed.  (Fig.  226.) 

The  cell-walls  are  usually  thick,  and  frequently  are  invested  by 
ooncentric  laminad.  They  are  not  dissolved  by  boiling,  and  long 
resist  alkalies  and  acids;  thus  resembling  the  elastic  but  not  the 
collagenous  tissue  (p.  282). 

The  carUenU  are  clear  and  fluid;  in  which,  generally,  but  not 
always,  one  or  many,  fat-globules  are  contained.  They  coagulate  in 
water  and  dilute  acids,  and  are  readily  dissolved  by  alkalies.  Some- 
times the  j&t-globules  are  so  numerous  as  to  render  the  nucleus  in- 
visible.   But  a  single  nucleus  is  contained  in  each  cell. 

2.  The  intercellular  (or  interstitial)  homogeneotis  substance  is  some- 
times hyaline,  but  generally  finely  granulated.  It  is  permeated  by 
a  peculiar  fluid  which  has  not  yet  been  investigated.  {Lehmann.) 
Fat-globules  are  also  often  found  in  it. 

Finally,  the  permanent  cartilages  are  invested  by  a  fibrous  mem- 
brane, the  perichondrium  (e.  g.  costal  cartilage).  This  is  less  vascu- 
lar than  the  analogous  sheath  of  the  bones — the  periosteum,  (p. 
279,  4.) 

Chemical  Composition  of  true  Cartilage. 

The  chemical  characters  of  cartilage  are,  in  some  respects,  very 
little  known.  It  is  certain,  however,  that  the  cells  and  the  inter- 
cellular  substance  are  different.  The  latter  is  converted,  partially 
at  least,*  by  boiling  into  chondrine,  in  case  of  the  true  cartilages, 
and  is  itself  cartilageine,  as  has  already  been  seen  (p.  99).  In  reti- 
culated cartilage  chondrine  exists  in  small  amount  {Boppe)^  and  pro- 
bably also  elasticine  (p.  100). 

'  K5lliker  and  others  term  these  cavities  the  cartUaye-cdU^  and  the  trae  oeUs 
Jttst  described,  the  secondary  ceUs  or  naoleL  We  adopt  Robin^s  view  as  the  correct 
one. 

'  Lehmann  infers  from  its  behavior  towards  concentrated  sulphario  acid  that  the 
intercellalar  sabstance  contains  three  different,  though  allied  substances. 
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What  are  the  precise  chemical  characters  of  the  cartilage-cells 
and  their  contents,  is  unknown. 

The  amount  of  water  varies  in  the  difire]:ent  true  cartilages  be- 
tween  54  and  70  per  cent.  (Lehmann);  and  exerts  an  important 
influence  on  their  physical  properties. 

The  fat  constitutes  from  2  to  6  per  cent,  of  the  dry  cartilage. 
Mulder  first  proved  that  a  small  amount  of  sulphur  is  combined 
.with  the  chondrine  (cartilageine).  It,  therefore,  probably  exists  in 
the  intercellular  substance  alone.  In  the  costal  cartilages  from  3  to  6 
per  cent,  of  mineral  substances  have  been  found,  viz.,  phosphates  of 
lime  and  magnesia,  chloride  of  sodium,  carbonate  of  soda,  and  a 
large  amount  of  sulphates.  The  chloride  of  sodium  varies  ex- 
tremely in  the  cish  of  cartilage  (from  1  to  8  per  cent) ;  there,  how- 
ever, being  more  of  it  in  cartilage  than  in  any  other  tissue.  {LA- 
mann.)  These  variations  suggest  the  idea  that  it  is  combined  not 
with  the  histological  elements  of  the  cartilage,  but  exists  in  the 
peculiar  fluid  which  permeates  the  intercellular  substance. 

Properties  and  Uses  of  Cartilage. 

True  cartilage  manifests  only  physical^  and  no  vital  properties^ 
in  the  organs  of  which  it  forms  a  part ;  viz.,  solidity  and  elasticity. 
When  fully  developed,  cartilages  contain  no  vessels  at  all;  and 
hence  constitute  an  extra- vascular  tissue,  like  the  cornea  and  epi- 
thelium and  its  modifications  (p.  281).  Nor  do  they  contain  lym- 
phatics or  nerves.* 

Uses. — The  uses  of  the  true  cartilages  depend  on  the  two  proper- 
ties just  noticed.  Hence  they  are  found  where  a  tissue  is  required 
to  resist  pressure,  as  in  the  articular  cartilages ;  whose  elasticity  and 
insensibility  (from  possessing  no  nerves)  are  at  the  same  time  put 
into  requisition.  The  costal  cartilages  afford  sufficient  strength  for 
the  walls  of  the  thorax,  while  their  flexibility  and  elasticity  favor 
the  movements  of  respiration.  The  cartilages  of  the  nose  afford 
to  that  organ  the  requisite  firmness  and  flexibility. 

Finally,  cartilages  exist  in  the  embryo  instead  of  bones ;  and 
which  finally  assume  the  form  of  the  bones  to  be  subsequently  de- 
veloped. These  subsequently  giving  place  to  the  bones,  and  thus 
disappearing,  are  termed  temporary  cartilages,  and  in  their  aggre- 
gate, constitute  the  cartilaginous  skeleton ;  while  the  others  in  the 

'  In  the  septam  narinm  of  the  calfy  Kolliker  found  both  arteries,  and  smaU  nerr- 
oas  twigs.    The  costal  cartilages  also  contain  a  few  vessels. 
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body  Are,  in  contredisti notion  from  these,  called  permancuC  carti- 
lages— e.  g.  articulur  cartilages,  costal  cartilages,  &o. 

Devehpment  of  Cartilage. 

True  cartilage  originates  in  cella  not  distinguisbable  at  first  from 
tboae  from  which  the  other  tissues  are  developed.  Between  these 
oella  a  h^'aline  substance  is  deposited,  which,  on  being  boiled,  be- 
eonnes  chondnne ;  and  which  usually  increases  simultaneously  with 
Ute  bulk  of  the  cells.  Thus,  the  original  cells  are  pushed  furthei* 
•nd  further  asunder. 

Bat  new  cells  are  also  produced  from  germs  in  the  hyaline  sub- 
stance; wbile  at  the  same  time  the  original  ones  are  multiplied  by 
Inpartite  and  tripartite  subdi- 

Titton    (p.   126).     Thus,  it  is  ^'B-  2M- 

Tery  common  to  meet  with 
gnwpa  of  two,  three,  or  four 
oellfl  (or  more)  in  a  single  ca- 
Ti^i  as  shown  by  Fig.  204. 

If  the  intercellular  substance 
consist  of  collagenous  fibres, 
a  fibro-carlilage  results.  And 
sometimes  the  cells  entirely 
disappear,  and  the  whole  re- 
maining mass  is  fibrous.  The 
fibres   are    developed    in   the  p, 

external  portions  first.    When  "'"■  «- <:""r «■'"-'•'■«"'"» "'" 
elastic  fibres  are  developed  from  the  intercellular  substance,  a  reii- 
cultUed  cartilage  resulta. 

The  growth  of  cartilage  is  secured  both  by  the  reduplication  of 
the  cells,  and  the  increase  of  the  intercellular  substance.  The 
plasma  doubtless  permeates  the  intercellular  substance,  and  the 
peculiar  fluid,  before  alluded  to,  is  probably  n  modified  plasma,  and 
contains  the  elements  for  the  nutrition  of  the  cartilage.  The  car- 
tilage-c&vities  of  the  new-born  infant  are  three  or  four  times  as 
numerous  as  in  the  fcetus  of  four  months;  but  the  intercellular 
eabstancc  is  now  double  the  bulk  of  the  cavities,  while  at  the  latter 
period  it  hardly  exceeds  the  latter — at  least  in  the  costal  cartilages. 
After  birth,  the  cavities  (and  contained  cells)  and  the  intercellular 
substance,  increase  in  pretty  nearly  an  equal  ratio.  According  to 
narting,  the  cavities  (and  contents)  are  8  to  12  times  larger  in  the 
PlIu  the  infant  at  birtb. 


lehUl  m(il>ca  of  Udpole.  a. 
fpiLT^ttaf  from  oftob  oUier.  ^ 
Uliin.    c,  e.  ITboM  of  tutllM^ 


I 

■ 
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As  cartilage  contains  no  vessels,  very  slight  nutritive  changef 
probably  occur,  after  it  once  attains  to  its  full  development 

Cartilage,  if  removed,  ia  never  regenerated.  White  fibrous  lia- 
sue  is  developed  instead,  to  fill  up  the  breach ;  or  a  cretification  of 
the  entire  cartilage  may  take  place.  {Dr.  Red/em.)  The  costal  car 
tilagcs,  if  fractured,  are,  however,  repaired  by  osseous  union.  These 
cartilages  are  normally  ossified  in  some  of  the  lower  animaU,  and 
are  not  seldom  ossified  in  the  latter  period  of  life,  in  the  human 
subject. 

Articular  cartilages  are,  in  the  foetus,  covered  by  an  epithelium. 
This  appears  to  be  destroyed  after  birth  by  pressure  and  attrition. 
While  it  exist'^,  vessels  are  found  between  it  and  the  cartilage;  and 
which  subsequently  return  to  the  circumference  of  the  latter.  Their 
appearance  before  and  after  birth  ia  shown  by  Figs.  205  and  206. 

Fig.  205. 


Their  connection  with  the 
Pig.  206. 


ill  be  explained  in  the  followiw 
chapter. 

In  the  costal  cartilages,  vas 
cular  canals  are  found  at  large 
distances  from  each  other,  and 
which  are  lined  by  prolongs 
tiiins  of  their  perichondrium, 
^;nl  narrow  cartilage-cells.  The 
vessels,  however,  nowhere  pass 
from  the  walls  of  those  caoill 
into  the  substance  of  the  car 
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tilag^  and  they  usually  do  not  anastomose  with  each  otbcr.  Similar 
canals  aro  also  seen  in  the  temporary  cartilages  near  the  points 
where  the  process  of  ossification  is  going  on. 

The  changes  undergone  by  the  cartilaginous  akekion,  will  be  ape 
cilied  nnder  the  head  of  the  development  of  bone. 

Palhohgical  States,  aiid  Nev?  Formaltons  of  Cartilatje. 

1.  Aa  cartilage  normally  contains  no  vessels,  nor  passages  for  the 
circulation  of  plasma  (like  bone  and  the  cornea),  it  can  hflnlly  be 
reganied  as  capable  of  being  attacked  by  infiammation.  It  is,  how- 
CTCT,  susceptible  of  ulceration,  or  a  gradual  removal  of  ita  substance, 
aod  in  this  condition  appears  to  become  vascular  ou  the  eroded  sur- 
iace.  The  vessels  are,  however,  not  in  the  substance  of  the  carti- 
lage, but  in  a  membranous  expansion  which  is  formed  de  novo  on 
ita  rouch  surface. 

2.  The  loose  cartilages,  so  called,  which  are  often  found  in  joints 
(especially  the  knee-joint),  are  cot  actual  cartilages,  but  merely  the 
non-vascular  processes  of  the  synovial  membrane,  which  increase 
in  size  and  solidity  and  then  become  detached  from  the  vascular 
folds.  Sometimes,  however,  they  are  mere  fibrinous  exudations,  or 
solidified  deposits  from  the  synovia,  as  Virchow  has  shown, 

3.  A  new  formation  of  cartilage  constitutes  enchondroma.  It 
occurs  in  bone  more  frequently  than  in  any  another  normal  tissue. 
The  bones  of  the  fingers  and  toes  are  most  liable  to  it,  though  the 
ribs,  sternum,  and  vertebra)  are  not  exempt;  and  the  cranium,  the 
ilium,  and  the  long  bones  have  been  attacked  by  it. 

Enchondroma  may  originate  on   the  surface  of  bone,  or  in  the 


Pig,  207. 


Pig.  208. 


F<g.  2oe. 


•Mtloldd.    IBenndC.) 


cancellated  tissue.     It  usually  grows  slowly  and  seldom  exceeds  an 
onnge  in  &ize.     It  ia  not  attended  by  pain  or  disorganization  of  the 


320 

surrounding  parts. 


THE  TISSUES. 


Fig.  210. 


BBChaadram* ;  m<croHa|il< 


It,  however,  sometimea  ulcerates  nod  { 

out  an  exhausting  discbarge. — 
When  exteroally  situated,  it  la  lo- 
bulated  and  surrounded  by  an  ex- 
pansion of  the  periosteum.  When 
internal,  it  presents  a  semi-elastic 
feel,  and,  on  section,  the  knife 
passes  through  a  thin  crackling 
shell  of  bone,  and  then  shows  a 
white  cartilaginous  mass;  which 
on  microscopic  examtaatioD,  some- 
times cannot  be  distinguished  {torn 
true  cartilage,  and  at  others  reaem- 
bles  fibro-cartilage.  Figs.  207,  208, 
and  209  show  the  structure  of  the 
first  variety;  and  Fig.  210,  that 
which  resembles  fibro-cartilf^ 
The  former  yields  cAoHrfn'jieon  boil- 
ing, and  the  latter  glutin.  The 
external  variety  baa  no  investment 
of  bone,  and  is  met  with  chiefly  in  the  pelvis,  cranium,  and  ribs. 

Enobondroma  generally,  but  not  always,  manifests  no  disposition 
to  ossification.  It  ia  chiefly  met  with  in  early  life,  and  Muller  has 
shown  that  it  is  generally  due  to  mechanical  injury  interfering  with 
the  development  of  bone  at  the  period  when  ossification  occurs  and 
bone  is  formed;  and  the  process  usually  commences  at  the  point  of 
attachment  of  the  growtn  to  the  bone  on  which  it  is  developed. 
When  completely  ossified,  the  en  chondroma  becomes  an  exostoait. 

4.  Atrophy  of  cartilage  is  not  uncommon.  Here  the  hyaline  in- 
tercellular substance,  especially  in  case  of  the  articular  cartilages,  ia 
replaced  by  a  soft  ligamentous  or  fibrous  structure,  easily  scraped 
by  the  knife,  and  of  a  dirty  brownish-yellow  color,  the  fibres  disap- 
pearing under  the  action  of  acetic  acid.  The  cartilage-cells  become, 
at  the  same  time,  more  or  leas  filled  with  fat-globules.  The  inter- 
vertebral cartilages  of  aged  persons  are  usually  of  a  dusky  color, 
and  dry;  the  intercellular  substance  being  also  fibrous,  and  contain- 
ing pigment-cells.  Atrophy  of  the  articular  cartilages  may  be  pro- 
duced by  cancer  or  sarcoma,  when  occurring  near  them  in  the  ex- 
tremities of  the  bones. 

6,  Necrosis  (or  death)  of  cartilage  occurs — as  in  the  cartilage  of 
the  larynx — from  inflammation  of  the  perichondrium  (perichondri- 
tis— Albers).  A  formation  of  pus  in  the  cancelli  of  the  articular 
extremities  of  bone,  often  produces  necrosis  of  the  articular  car- 
tilages. 

6.  Cartilage  is  liable  to  fatty  degeneration^  this  affecting  both  the 
cells  and  the  intercellular  substance;  both  losing  their  transparenCT, 
and  ultimately  becoming  wholly  unrecognizable.  Suppuration  in 
the  contiguous  bone  sometimes  produces  this  effect. 
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CHAPTER   VII. 

OSSEOUS  TISSUE,  AND  THE  BONES. 

Osseous  tissue  is  peculiar  to  the  bones  and  teeth,  and  will  be 
first  described ;  after  which  the  structure  of  the  bones,  consisting 
as  they  do  of  the  osseous  and  several  other  tissues  blended  together, 
wiU  be  specified. 

SECTION  I. 
OSSEOUS  TISSUE. 

To  the  naked  eye  the  bones  present  two  forms  of  the  osseous 
tissue — viz.,  the  compact^  and  the  cancellated  or  spongy.  But,  how- 
ever important  these  distinctions  are  in  a  practical  point  of  view, 
microscopic  examination  shows  them  to  be  essentially  identical,  as 
will  be  seen. 

The  ultimate  histological  element  of  the  osseous  tissue  is  a  pale, 
oval,  oblong,  or  angular  granule,  ^^jf  of  an  inch  in  diameter.' 
{KolUker.)     These  granules  (Fig.  211)  are  blended 
together  so  as  to  form  membraniform  expansions  of       Pig*  211. 
varying  thickness  (the  lamellaa),  or  irregular  masses      v^^^^^ 
inclosing  cavities  of  a  peculiar  form  (the  lacunae  and      ^«1Vi^«^ 
pores);  and  from  the  different  conformations  and  ar- 
rangements of  these  lamellsd  and  masses,  result  the 
compact  and  the  cancellated  bone-substance  already     mumategranniM 

.  «  '  of   bon«,   iaolated, 

mentioned.  ^„d  in  .mtii  maM- 

The  thinnest  lamellae  or  a  simple  plate  of  bone  is  *•;  from  tho  femur, 
formed  by  the  apposition  at  their  margins  of  a  single  ameten.  (twi^.) 
stratum  of  granules.  It  must  be  remembered,  how- 
ever, that  the  osseous  tissue  is  not  always  granular.  It  is  sometimes 
a  perfectly  clear  hyaline  substance.  This  form  appears  to  be  a  more 
recent  and  less  perfect  development  than  the  granular;  and  both 
often  appear  in  the  same  bone,  and  even  in  the  same  lamella  of  an 

*  90*4  6  ^  Tiian  ^'  ^^  inch.  {Todd  and  Bovcmnn  )  One-sixth  to  one  fifth  the 
diameter  of  the  blood-corposoles.  (^TomtB,) 

21 
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Haveraian  roil.  In  the  latter  case  the  lamina  is  seen  to  oonsist 
two  distinct  layers — an  exteroa!  granular,  and  an  internal,  byalini'. 
As  a  general  rule,  no  particle  of  osseous  tissue  ia  foaod  more 
than  flfff  oF  an  incb  from  a  bloodvessel.  If,  therefore,  a  plate  of 
bone  be  not  more  than  double  this  thickness  (g'j  of  an  inch),  no 
vessels  will  be  found  to  enter  it;  but  they  will  be  distributed  upon 
its  two  surfaces  only.  It  is,  however,  indispensable  for  the  nutri- 
tion of  hone  that  the  plasma  be  brought  more  nearly  than  this  U> 
each  molecule  of  the  osseous  tissue;  and  for  this  purpose  caYitie* 
of  a  peculiar  form  (laeunaj  and  pores)  are  hollowed  oul  in  the  sub- 
stance of  all  but  the  thinnest  laminaj  o?  bone,  whose  forms  art 
shown  by  Fig.  212,     In  some  of  the  thinnest  bones  of  the  smaltj 

Fig.  212. 


animals,  however — as  the  os  unguis  of  the  mouse  and  certain  smril 
birds — even  these  cavities  do  not  exist;  every  moleenle  of  Uie 
osseous  tissue  being  so  near  to  the  blood  in  the  vessels  distributed 
upon  the  surfaces  of  the  bone,  that  no  arrangement  for  the  trans- 
mission of  the  plasma  nione,  as  before  mentioned,  is  recjuired.  Such 
a  bone  is  therefore  everywhere  granular  and  homogeneous  in  struc- 
ture, like  the  portions  between  the  pores  in  Fig,  212. 

If,  therefore,  a  layer  of  bone  is  not  more  than  gn'on  to  jj'jj  of 
an  inch  thick,  the  substance  is  solid;  if  another  layer  be  superiin- 
posed  upon  this,  cavities  for  the  plasma  (lacuna  and  pores)  are 
formed  between  them,  or  in  their  substance;  and  if  the  whole 
thickness  be  more  than  g'j  of  an  inch,  vessels  also  (the  HaveRian 
vessels)  are  found  in  canals  traversing  it.  These  cavities  and  canals 
will  be  next  described. 
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1,  The  Lacuna  and  Pores  of  Osatous  Tisane. 

llie  hcunx  (or  bone-corposclea)  in  man  vary  but  little  in  sizt- 
and  shape.  Most  of  them  are  shaped  like  a  melon-seed ;  though 
some  are  more  fusiform,  or  even  spherical.  Their  length  averages 
T^DS  ^  sin  "^^  ^"  ''^''^  '  ^'^'"i^  ^re,  however,  as  short  as  ^tfaa  "^  ^" 
inch,  and  some  as  long  as  jj„  of  an  inch.  They  are  ,j'ou  to  n'nn, 
or  even  ja'i,o  of  an  inch  broaJ ;  and  from  od'on  ^  jii'bo  ^^  *"  •"'^'i 
thick  or  deep.  Their  three  diincnsionti  are  usually  as  tt :  2  : 1.  Tin- 
spherical  lacunie  are  from  j^f  to  j^'ae  of  an  inch  in  diameter. 
They  ore  placed  so  near  together  that  TOil  to  1]20  (average  910) 
occnr  within  a  surface  of  J^  of  an  inch  square   {ffarlm'j.) 

The  pores,  or  canaliculi,  average  ^^n  to  ,jlg  of  an  inch  in  length, 
the  highest  extreme  being  ji^  of  an  inch.  They  are  uino  to 
Titoo  of  at)  inch  in  diameter  at  their  origin  from  the  lacunar,  an<l 

■  oioo  to  loioo  at  their  finest  extremities — the  average  being  about 
la&DB-  'ii  horizontal  sections  of  the  lacuuiuthey  appear  as  holes 
itiso  to  to'oa  *>f  an  inch  apart.  In  transversa  sections  they  pro- 
duce the  radiating  stria;  from  being  viewed  in  several  planes,  and 
appear  to  be  somewhat  closer  tDgether — or  jjJuo  to  xalat  '''^  "i" 
inch  apart.  The  canalieuli  ra- 
diate from  the  lacunae  in  all  A\- 
rectiona;  and  are  branched  and 
irregular,  and  often  (curved,  in 
their  course.  A  lacunaj  there- 
fore, together  with  its  radiating 
pores,  forms  an  imperfect  sphere, 

■  oBtOjJooFan  inth  in  diame 
ter.     The  pores  of  the  different 
lacuniB  anastomose  freely  with 
each  other,  and  two  thus  con-    «<-n  nn  u.- «iBri..i  Mfwci.  Tii>aiiii>.r.>g>pgiDi. 
nected  sometimes  measure  jJo    d"J'r.'r«"^*«tr  ^ril^«Vll^^ 

to  flJo  of  an  inch  in  length,  po™  t*!""*.  »pi«riB(  from  .  gf™iM  4»pib - 
Tncy  teriniiinttf  in  ca^cal  extre- 
mities only  on  limitod  spots;  the  most  external,  opening  on  the  aur 
face  of  the  bone  (excejtt  when  this  is  covered  by  cnrtllage  or  tht- 
insertion  of  ligaments  and  tendons),  as  shown  by  Fig,  213.  Thus 
the  entire  structure  of  the  bones  is  everywhere  penetrated  by  a 
QOnnected  system  of  cavities  and  pores,  by  which  the  nutrilivo  fluid 
from  the  vessels  is  carried  to  every  part. 


Fig.  S13. 
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Tomes  and  De  Morgan  (with  Virchow,  and  more  recently  Hoppe) 
assert  that  tbe  lacunae  and  pores  have  distinct  walls,^  as  is  the  case 
with  the  dentinal  tubuli.  Like  the  latter,  thej  are  also  sometimes 
filled  up  with  a  solid  matter,  so  as  to  leave  only  a  small  space  in  the 
centre.  These  observers  also  found  a  modification  of  the  lacunaa 
in  the  circumferential  laminsB  of  bones;  they  there  being  elongated 
tubes,  and  passing,  in  bundles  or  singly,  more  or  less  obliquely, 
from  the  surface  towards  the  interior  of  the  bone.  The  largest  are 
sometimes  bent  once  or  twice  at  a  sharp  angle.  They  have  distinct 
walls,  and  are  connected  laterally  with  the  pores. 

The  contents  of  the  lacunas  Sire— first,  a  nucleus ;  and^  secondly,  a 
clear  fluid ;  thus  resembling  the  contents  of  cartilage-cavities.  {Kdl 
liker,)  Their  relation  to  the  cartilage-cells  will  be  explained  under 
the  head  of  "  Development  of  Bone."  The  fluid  is  doubtless  the 
nutritive  fluid  of  the  bone,  and  is  therefore  plasma,  or  a  modifica- 
tion of  it. 

The  lacunae  and  pores  do  not  present  precisely  the  same  condi- 
tions in  the  compact  and  the  cancellated  substance  of  bone,  as  will 
be  shown  (pp.  328  and  830). 

2.  T/ie  Vascular  Canals  of  Osseous  Tissue. 

The  vascular  or  Haversian  canals  are  minute  tubular  passages 
in  the  bone-substance,  averaging  yiVij  to  jj^y  of  an  inch  (the  ex- 
tremes being  ^i/^yxy  and  g^g);  and  which  exist  everywhere  in  the 
compact  bone-substance,  except  in  the  thinnest  layers  of  it,  forming 
a  network  similar  to  that  of  the  capillaries  in  the  soft  tissues. 

In  the  long  bones,  and  in  the  ribs,  clavicle,  os  pubis,  and  ischium, 
they  chiefly  run  parallel  to  the  long  axis  of  the  bone ;  and  almost 
always  either  parallel  to  the  surface,  or  perpendicular  to  it,  and  from 
jiiT  to  bV  ^f  *^  ^^^^  apart.  These  are,  however,  connected  by 
transverse  or  oblique  branches.  Thus  they  form  a  network  con- 
sisting of  elongated  and  generally  rectangular  meshes,  as  seen  in 
the  longitudinal  section  of  a  long  bone,  Fig.  214.  Few  transverse 
communicating  canals  occur,  however,  in  foetal  and  still  undeveloped 
bones. 

In  the  flat  bones,  almost  all  the  Haversian  canals  run  parallel  to 
their  surface,  and  sometimes,  indeed,  in  lines  radiating  from  one 
point  (as  the  parietal  protuberance,  upper  and  anterior  angle  of  the 

'  Lehmann  infers,  also,  from  Hoppe's  experimeuts,  that  the  lacunie  and  pores  aw 
lined  bj  an  albnminoas  membrane,  insoluble  in  boiling  wat<;r. 
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scapula,  articular  portion  of  the  ilium,  Ik.). 
Leas  fVequentlj,  however,  they  are  parallel 
to  each  other — as  in  the  sternum. 

In  the  thort  bones  there  is  usually  one 
piedonainant  direction  for  the  Haversian 
canals;  they  being  vertical  in  the  vertebras, 
and  parallel  to  the  long  axis  of  the  extre- 
mity, in  the  carpal  and  tarsal  hones.  In  the 
BpinouB  proceasea,  however,  as  in  the  cora- 
coid  and  styloid  processes,  the  canals  are 
arranged  as  in  the  shorter  cylindrical  bones. 

Finally,  a  few  Haversian  canals  exist  in 
the  walls  of  the  cancelli  of  bone,  but  only 
when  they  are  of  considerable  thickness. 

Since  the  Haversian  canals  contain  vea-  ? 

selsjthey  open— _y!rsf,  externally  on  the  outer  Hmmu  ui»ii>,  Han  sn  ■ 
Borface  of  the  bone;  and,  aecojtdly,  internally  1^^„  ofTblTi^rft  rf'gHI^ 
on  the  walls  of  the  medullary  canals  and  '"•  '•■•  "w"*-  '■  *"w»i  "- 
spaces.  In  both  these  positions,  indeed,  very  t^a„a  at  uoihsr  Tenoai  aui. 
many  of  them  can  be  seen  by  the  unassisted 
^e ;  they  being  more  numerous  in  proportion  as  the  compact  sub- 
stance of  the  bone  is  thicker.  The  larger  passages  are,  however, 
merely  for  the  vascular  branches  communicating  with  the  proper 
capillary  plexus  in  the  interior  of  the  bone-substance.  Kdlliker 
has  never  noticed  ccecal  terminations  of  these  vascular  canals.  The 
internal  network  must,  however,  in  some  parts  have  little  or  no 
communication  with  vessels  from  the  sur&ce  of  the  bone — as  at  the 
points  of  insertion  of  many  tendons  and  ligaments,  &c. 

It  should  be  added  here  that  Tomes  and  De  Morgan  have  de- 
scribed still  another  kind  of  cavities  in  bone,  which  they  have 
named  Saveraian  tpaces.  These  are  apparently  formed  by  the  ab- 
sorption of  previously-formed  bone,  between  and  parallel  to  the 
Haversian  canals;  present  rough  parietes,  and  are  sometimes  formed 
at  the  expense  of  portions  of  two  or  three  of  the  Haversian  sys- 
tems or  rods  at  the  same  time.  After  attaining  their  full  diameter, 
ossiiication  commences  within  them,  and  each  of  them  becomes  a 
new  Haversian  canal,  surrounded  by  its  concentric  lamina;,  and  its 
lacuna]  and  pores.  These  cavities  are  very  large  and  numerous  in 
oewly-formed  bone  situated  near  ossifying  cartilage;  they  are,  how- 
ever, never  absent  in  the  oldest  subject,  and  may  be  accepted  as  a 
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demonstration  of  the  fact  that  bone  ia  constantly  andei^oing  an 
active  disassiniilation  and  repair.  Indeed,  one  side  of  an  Haversian 
space  niay  be  becoming  the  seat  of  a  new  Haversian  rod  of  bone, 
while  the  opposite  is  undergoing  further  enlargement  from  ab- 
sorption. 

The  contents  uf  the  Haversian  canals  &tc— first,  the  vessela;  at- 
coiidly,  the  nerves  of  bone ;  and,  thirdly,  in  case  of  the  lai^r  canals, 
a  small  quantity  of  marrow  surrounding  the  former. 

Differences  in  the  Compact  and  the  Otnnellated  Forms  of  Bone-alrudun. 

All  bonea  contain  both  the  cancellated  and  the  compact  forms  of 
structure;  the  former  constituting  an  external  layer  of  varying 
thickness,  and  the  latter  the  internal  portions.  In  the  shafts  of  the 
long  bones,  however,  the  entire  thickness  is  formed  of  compact 
bone-substance ;  and  the  same  is  true  of  the  thinnest  portions  of 
some  of  the  flat  bonea.  Tbe  extremities  of  the  long  bones,  however, 
like  all  the  short  bones,  consist  of  a  thin  layer  of  compact  snbstance 
externally,  and  cancellated  substance  within. 

In  both  forms,  however,  the  bone-tissue  is  arranged  in  the  form 
of  lamince  or  plates,  formed  of  granules  or  hyaline  substance  (or 
both),  as  already  described  (p.  321);  and  the  manner  in  which  these 
lamiuaa  are  arranged,  determines  tbe  two  forms  of  bone-substana' 
now  to  be  described. 

1.  Cancellated  Bone-slructure. — The  cancellated  bone-structuru 
consists  of  an  aggregation  of  cavities,  each  of  which  is  called  a  con- 
Fig.  21S. 
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tx^hs,  whose  walls  are  formed  of  laitiinie  of  osseous  tissue.  These 
cavities  are  quite  irregular  in  form,  and  communicate  freely  with 
each  other,  as  may  bo  seen  in  a  section  of  the  short  bones,  or  of  the 
extremities  (epiphyses)  of  the  long  ones.  Indeed,  their  appearance 
is  30  similar  to  the  areolae  of  the  sponge,  that  the  terms  sjxmgy, 
areolar,  or  relieulaled  boue- structure  are  also  applied  to  them. 

The  walla  of  the  caucelli  are  formad  of  several  concentric  laminie 
of  osseous  tissue,  between  and  in  the  substance  of  which  lacunte 
and  pores  exist;  and  through  an  opening  the  vessels  are  sent  into 
the  cavity  of  the  cancellus,  to  ramify  upon  its  inner  surface.  If  the 
vancellus  be  supposed,  for  the  sake  of  simplicity,  to  assume  a  sphe- 
\  form,  its  appearance  on  section  will  be  represented  by  Fig. 215. 


The  cancelli,  however,  in  fact,  communicate  ao  freely  with  each 
other,  that  their  walls  lose  the  structural  regularity  there  represented ; 
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and  hence  this  form  of  bone-substance  seems  rather  to  present  an 
interlacement  of  lamellse,  rods,  and  fibres,  very  irregularly  arranged. 
(Fig.  216.)  If  the  connecting  rods  are  of  considerable  size,  they 
contain  vascular  canals;  otherwise^  merely  laminae,  lacuiise,  and 
pores.  The  lacunae  are  disposed  in  every  possible  direction ;  bat 
mostly  with  their  long  axes  parallel  to  that  of  the  fibres  and  rods, 
and  with  their  flat  surfaces  directed  towards  the  canoelli,  into  which 
the  most  superficial  lacunae  freely  open.  The  vessels  of  difierent 
cancelli  freely  anastomose  with  each  other. 

The  cancelli  contain— ^r«<,  the  vessels  already  mentioned;  se- 
condly^ a  prolongation  of  the  periosteum  or  endosteum  supporting 
these  vessels ;  and,  thirdly^  more  or  less  fat-cells  with  red  contents 
(marrow).  Nerves  also,  fourthly^  are  distributed  to  the  marrow, 
especially  in  case  of  the  bodies  of  the  vertebrae. 

2.  Compact  Bone-struciure. — The  thinnest  layers  of  compact  tissue 
consist  merely  of  parallel  superimposed  lamellae,  between  and  in 
the  substance  of  which  lacunae  and  pores  (but  no  vessels)  exist; 
e.  g.  some  portions  of  the  lachrymal  and  palate-bones.  Indeed,  the 
wall  of  a  cancellus,  as  before  described,  is  essentially  a  very  thin 
layer  of  compact  bone-structure. 

When  the  compact  structure,  however,  attains  to  a  thickness  of 
^  of  an  inch,  and  more,  a  difierent  arrangement  of  the  lamellae  is 
found.  And  in  the  long  bones  the  compact  substance  consists  of 
two  systems  of  lamellae  (the  general  and  the  special),  and  the  inter- 
stitial osseous  tissue,  or  that  between  the  Haversian  rods. 

1.  The  general  (fundamental)  lamellae  are  parallel  to  the  external 
and  the  internal  surface  of  the  bone.  These  alone  exist  where  the 
compact  substance  is  very  thin.  They,  however,  rarely  entirely 
surround  the  long  bones,  and  are  absent  in  the  fast-growing  bones 
of  young  animals.*  {Tomes  and  De  Morgan)  They  are  in  immediate 
connection  at  many  points  with  those  next  to  be  described,  and  are 
seen  in  Fig.  217.  The  lacunae  are  placed  with  their  surfaces  parallel 
with  those  of  the  lamellae ;  their  pores  opening  in  part  on  the  ex- 
ternal and  internal  surfaces  of  the  bone,  and  in  part  communicating 
with  each  other,  though  they  probably  terminate  in  blind  extremi- 
ties at  points  covered  by  the  articular  cartilages.     The  thickness  of 

'  In  these  the  circumferential  laminte  are  replaced  by  a  series  of  undnlating 
laminae,  which,  subsequently  extending  outwards,  arch  over  and  inclose  the  nearest 
vessels  of  the  periosteum  ;  and  in  the  spaces  thus  formed,  Haversian  rods  are  de- 
veloped (p.  357). 
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each  lamella  averages  jjg  to  ^^  of  an  inch  in  the  cranial  bones, 
and  their  nnmber  varies  from  10  to  100.  The  layer  formed  by  them 
Taries  between  gig  and  j'g  of  an  inch  in  thickness.  It  gives  off  pro 
oeasea,  i^q  to  ji^  of  an  inch  thick,  between  the  Harersian  rods. 

2.  The  special  lamellee — those  concentrically  sarrounding  the  Ha- 
veTBian  canals — constitute,  as  it  were,  the  walls  of  the  latter,  and  are 
intimately  united  to  each  other.  The  number  surrounding  the 
canal,  and  the  consequent  thickness  of  the  system — the  Savernan 
rod — fopmed  by  them,  bear  no  constant  relation  to  the  size  of  the 
canal;  smaller  canals  being  sometimes  surrounded  by  numerous 
lamellae,  and  larger  ones  by  but  few.  Generally  the  largest  canals, 
and  the  most  minute,  have  but  few  surrounding  lamellEe,  and  there- 
fore have  thin  wallsj  while  those  of  a  middle  size  have  thick  ones. 
The  thinnest  walls  measure  -j^t,  to  iJg  of  an  inch,  and  the  thickest 
lis  ^  jhn  of  ^°  i"'^^-  iS^iJliiker.)  Each  lamella  is  from  gg^oa  to 
ii'iFiF  of  AD  inch  thick,  averaging  from  ^g'gg  to  ffyv  of  an  inch. 
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They  frequently  present  two  diatinct  layers;  the  outer  being  du- 
tinctly  granular,  the  inner  clear  and  transparent.  The  innermost 
lamella  of  an  Haversian  rod  is,  however,  Bometimea  transparent 
throughout.  The  number  of  lamellae  in  each  Haversian  rod  is 
aaually  from  8  to  15 ;  but  sometimes  there  are  only  4  or  5,  aod 
occasionally  as  many  as  18  to  22.  The  whole  Haversian  rod  ave- 
rages about  jiflof  an  inch  in  diameter. 

Between  and  in  the  substance  of  the  lamellaa,  the  lacunte  ami 

pores  exist.     The  lacunm  have  their  long  diameter  carved  so  as  to 

lie  concentrically  with  the  lamellie  in  n 

^'      '     .  transverse  section  of  the  Haversian  rods, 

)/        --jjgfc.  their  flat  surface  presenting  towards  the 

■^iBo^/l^'  Haversian  canal.     Their  very  numeroiu 

^^iI^(Sr||y^B^^^         pores  produce  a  very  close  striation  ra- 

■vVV^yHTsSw'l/t^W^'      •^'^t'lg   ^Toxn   the  Haversian  canals,  as 

i-'cu^u^^'y."   *■  '  "'m         shown  by  Fig.  218.    The   lacunae  are 

l^       "■  '-,       sometimes  very  numerous,  at  others  very 

;  ;      scanty.     In  the  former  case,  they  are  ge- 

,-'       nerally  arranged  in  tolerably  regular  al- 

-■ .--'  ternation,  or  one  behind  another  in  the 

TiiMverap  Kiiion  of «  purl  of  th«    dircctiou  of  the  radius  of  the  Haversian 
ii»r  'hiring  the  "«.  "n"iMrii!^    ^°^-   Frequently,  however,  they  are  very 
XI  Die  iod.T  mrfi.ce,  a.  inMiumo.    jprcgularly  crowded  together,  or  are  se- 
iicaDL— H>gnia.?d  aboDt  300  die    parated  by  wider  interspaces. 
""*"■  t^'™"'  All  the  pores  arising  from  the  inner 

aspect  of  the  innermost  lacunte  penetrate  into  the  Haversian  cftnala. 
From  the  edges  and  external  aspect  of  the  same  lacuna  other  pores 
are  given  off  which  communicate  with  the  proximate  pores  erf  the 
more  distant  lacuuEe,  and  thus  the  Haversian  rod  is  completely  pe- 
netrated by  the  pores  and  lacunae,  and  permeated  by  the  nuUitive 
fluid  contained  iu  them.  The  various  forms  of  laconfe  and  pores 
are  shown  by  Fig.  219. 

The  outermost  lamella  is  often  of  somewhat  irregalar  outline 
from  ila  being  the  first  formed  in  the  pre-formed  irregular  Haver- 
sian space. 

3.  The  ttUersUtiat  osseous  tissue  between  the  HaveraiaB  rods, 
when  it  exists  in  small  quantity,  frequently  presents  only  one  to 
three  lacunae  in  a  transverse  section  (Figs,  220  and  217),  both  of  a 
rounded  form  and  quite  irregularly  disposed.  When  more  abund- 
ant, it  is  distinctly  lamellar,  and  the  lacunse  are  more  regularly  dis- 
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posed,  and  with  th^ir  sides  parallel  to  those  of  the  lamellae.  The 
porti3  of  these  lacanae  corammiicate  with  each  other,  and  with  those 
of  the  aurroiiDding  Haversian  rods,  and  thus  their  natrition  is  pro 


Fig.  220. 
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vided  for.  In  man,  however,  the  rods  are  so  crowded  that  no  la- 
mellae exist  between  them ;  but  only  the  interstitial  tissue  with  a 
few  lacunae  (and  their  pores),  as  described  in  the  preceding  sen- 
tence. (Kolliker,) 

Chemical  Composition  of  Osseous  Tissue. 

It  is  almost  impossible  to  isolate  the  osseous  tissue  completely 
from  the  vessels  and  nerves  distributed  to  it ;  and  hence  there  is 
some  uncertainty  in  regard  to  its  precise  chemical  composition. 

On  removing  the  vessels  and  nerves  from  the  compact  bone- 
structure,  as  far  as  possible,  the  following  results  are  obtained  bj 
the  best  chemical  analysis  of  dried  compact  osseous  tissue : — 


• 

83 

• 

67 

67 

8 

1 

J 
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Organic  substance  (osteine) 
Mineral  constituents 

Phosphate  of  Lime 
Carbonate  of  Lime 
Phosphate  of  Magnesia 
Fluoride  of  Calcium 


Osseous  tissue  also  contains  the  chloride  of  sodium,  and  some 
alkaline  sulphates  and  fat.  The  last,  amounting  to  from  one  to 
three  per  cent,  in  some  bones,  must  belong,  in  all  probability,  to  the 
blood  in  the  vessels,  or  to  the  marrow  in  the  cavities  of  bone;  while 
Lehmann  believes  the  chloride  of  sodium  (.25  to  .88  per  cent.),  also, 
is  derived  probably  from  the  vessels  or  the  fluid  in  the  lacunas  and 
pores;  and  the  alkaline  sulphates  are  a  product  of  the  incineration 
of  the  bone. 

The  amount  of  water  in  bone  is  about  18  per  cent.  {Robiii  and 
Verdeiiy  The  flat  bones  contain  more  water  than  the  cylindrical; 
probably  because  they  are  more  vascular.  Human  bones  contain 
more  water  than  those  of  any  other  mammal  {Stark)]  the  bones  of 
birds  still  more ;  and  the  bones  of  fishes  most  of  all  animals.  Nasse 
maintains  that  the  hardness  of  bones  is  not  affected  by  their  pro- 
portion of  water;  a  proposition  which  seems  untenable  in  respect 
to  diseased  bones  at  least. 

The  bone-cartilage,  as  Lehmann  terms  it,  may  be  separated  from 
the  mineral  matters  by  the  prolonged  action  of  dilute  (1  to  7  of 


'  Dr.  Stark  fouud  only  three  to  seven  per  cent. 


OSSEOUS  TISStTB.  833 

water)  and  frequentlj  chaDged  hydrochloric  or  nitric  acid ;  and  thus 

obtained,  it  perfectly  retains  the   form  of  the  boae  of  which  it 

eonstituted  a  part     In  ila  moist  state, 

it  is  a  tolerably  elastic,  yellowish, 

translucent  substance    and  in  its  che 

mical  analogies  it  is  found  to  coincide 

perfectly  with  glutin  except  that  the 

foimer  has  always   a  htUe  sulphur 

which  IB  absent  in  the  latter     Under 

the  microecope  it  shows  a  network  of 

obliquely  decussating  fibres,  as  seen 

iD  Fig.  221.  The  bone-crtuage  i^  „\::^~.7z:-ji;:;;;z;:z 

therefore,  actually  oateme,  as  shown  "'  *<»■  Th»  Bgan,  whieh  u  intended  to 
on  page  99.  It  is  converted  by  boil-  „w„of.umeii^«iT„,brt«rid«of 
ing  water  into  three  or  four  times  its  ""  "''J"'  ''■•'' '"''''  """"■ '""""  "' 
Tolume  of  glutin. 

On  the  other  hand,  the  osteiue  may  be  removed  from  the  mineral 
oonatitaents  by  calcination,  or  by  careful  boiling  in  dilute  alkalies. 
In  this  case,  also,  the  mineral  constituents  alone  remaining,  preserve 
the  original  form  of  the  bone. 

It  is  probable  that  the  phosphate  and  carbonate  of  lime  are  united 
together,  before  combining  chemically  with  the  osteine  (Ao&tn  and 
Verdeil);  and  possibly  the  fluoride  of  calcium  and  the  phosphate 
of  magnesia  are  also  previously  combined  with  the  two  f  rst  men- 
tioned salta.  Still,  the  organic  and  mineral  matters  are  by  no 
means  always  in  the  same  proportion  in  the  diGferent  bones  of  the 
same  person.  The  bones  of  the  extremities  contain  more  earthy 
matter  than  those  of  the  trunk;  and  the  humerus  and  femur  more 
than  the  other  cylindrical  bones.  The  ribs  and  the  clavicles  con- 
tain on  an  average  more  osteine  than  the  vertebrse ;  and  the  bones 
of  the  pelvifl  approximate  the  latter.  Of  the  different  mineral  mat- 
ters, the  phosphate  of  magnesia  always  rises  and  falls  with  the  phos- 
phate of  lime;  while  the  ratio  of  the  carbonate  of  lime  to  the  phos- 
phate varies,' though  within  certainnot  very  wide  limits  at  the  same 
age.  Lehmann  found  the  proportion  of  the  carbonate  to  the  phos- 
phate of  lime  in  the  bones  of  a  new-born  infant  to  be  1 : 3.8;  in  a 
male  adult,  1 : 6.9;  and  in  a  man  63  years  old,  1 : 8.1.  In  disease, 
however,  the  carbonate  of  lime  often  increases  while  the  phosphate 
diminishes;  and  hence  it  has  been  asserted,  incorrectly,  that  the 

'  VoD  Bibn  UMTta  tluit  Umm  two  Mlla  ue  altrsfi  tn  D«xri7  ths  moib  ntlo. 
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total  amount  of  the  earthy  matters  in  bone  remains  constantly  the 
same.  The  herbivora  have  more  carbonate  of  lime  in  their  bones 
than  the  carnivora,  and  the  pachydermata  and  cetacea  most  of  alL 

The  bones  of  fishes  contain  the  least  earthy  matter  of  all  (21  to 
57  per  cent.). 

The  varying  amount  of  phosphate  of  lime  in  the  different  bones 
has  already  been  stated  (p.  54).  The  bones  of  birds  contain  more 
of  it  than  those  of  mammals,  it  sometimes  rising  to  84^  per  cent 
Carnivorous  birds,  however,  have  but  little  more  than  mammals. 

In  pregnancy,  the  consumption  of  phosphate  of  lime  is  so  grest 
in  the  development  of  the  skeleton  of  the  foetus,  that  sometimes 
scarcely  any  traces  of  it  can  be  found  in  the  urine  of  the  mother; 
and  fractures  now  occurring,  unite  with  extreme  difficulty,  and 
sometimes,  indeed,  not  at  all.  The  softened  condition  of  the  bones 
constituting  rickets  also  most  frequently  occurs  during  dentition, 
while  the  phosphate  of  lime  is  required  for  the  development  of  the 
teeth,  the  latter  not  being  affected  by  this  disease. 

It  is  a  singular  fact  that  the  cranial  bones  exhumed  at  Pompeii 
contained  more  fluoride  of  calcium  than  the  bones  of  the  present 
generation. 

Doubtless  the  food  must  exert  some  influence  on  the  composition 
of  the  bones.  Softening  of  the  bones  occurred  in  chickens  de- 
prived, by  Chossat,  of  the  phosphate  of  lime. 

There  is  no  appreciable  difference  in  composition  of  the  bones 
of  the  male  and  the  female. 

Alumina,  oxide  of  iron,  and  silica,  are  frequently  found  in  fossil 
bones;'  their  presence  being  probably  due  to  infiltration. 

In  diseased  bones,  a  great  diversity  of  chemical  composition  is 
found.  The  mineral  substances  are,  however,  almost  always  ab- 
stracted from  the  osseous  tissue  earlier  and  in  larger  quantity 
(  Von  Bihrd)  ;  so  that  a  relative  increase  of  the  osteine  is  observed 
Of  the  earthy  matters,  the  phosphate  of  lime  is  the  first  to  bare- 
moved,  and  the  last  to  be  re-deposited  after  the  cessation  of  dis- 
ease. 

The  osteine  is  very  rarely  affected  in  diseased  bones.  From  some 
cases  of  rachitis,  however,  both  Marchand  and  Lehman n  failed  to 
obtain  any  true  glutin. 

The  carbonate  of  lime  frequently  exceeds  its  normal  amount,  only 
in  osteophyte  and  new  formations  of  bone.  It  appears  usually  to 
diminish  and  afterwards  to  increase,  with  the  phosphate. 

In  irrimaTy  sclerosis  (eburnation),  there  is  no  excess  of  earthy  mat- 
ters in  proportion  to  tne  osteine ;  but  a  considerable  augmentation 
of  the  carbonate  of  lime  in  proportion  to  the  phosphate. 
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In  most  oaieophytea  (puerperal  or  otherwise),  there  is  an  excess  of 
<)Bteine  and  carbonate  of  lime  above  the  normal  standard.  Very 
likely,  however,  they  approximate  more  nearly  to  true  bone  in  pro- 
portion to  the  time  since  their  first  formation.  The  analyses  of 
exostoses  tend  to  the  same  conclusion. 

In  osteoporosis  (dilatation  of  the  cancelli  and  of  the  Haversian 
canalsl  the  resorption  of  the  mineral  matters  proceeds  more  rapidly 
than  tnat  of  the  osteinc,  and  the  cavities  formed  are  filled  with  fluid 
fat. 

In  rachitis  there  is  a  relative  deficiency  of  earthy  matters,  with 
an  absolute  excess  of  the  osteine;  the  latter  remaining  unchanged 
in  its  nature.  The  assumption  that  th^e  carbonate  of  lime  is  in- 
creased in  rachitis  is  incorrect.  Nor  can  rachitis  be  conditional  on 
the  occurrence  of  free  acid  in  the  bones,  though  the  phosphate  of 
lime  is  often  much  diminished. 

In  softening  of  bone  in  the  adult  (osteo-malacia),  the  earthy  con- 
stituents are  more  diminished  than  in  any  bone  disease  yet  men- 
tioned. A  large  portion  also  of  the  osteine  is  destroyed.  The 
brittle  network  of  bony  tissue  remaining, 'floats  in  thin,  fluid  fat, 
sometimes  amounting  to  twenty  or  thirty  per  cent.     C.  Schmidt 

E roved  the  existence  of  free  lactic  acid  in  the  fluid  of  the  long 
ones.  This  may,  however,  be  the  result  and  not  the  cause  of  the 
breaking  down  of  the  bone  into  fragments — a  chemical  process 
having  occurred  in  the  latter. 

In  cdriesj  the  earthy  matters  most  rapidly  disappear,  and  the  ca- 
vity formed  is  filled  with  fat. 

Properties  and  Uses  of  the  Osseous  Ihsue, 

The  characteristic  properties  of  osseous  tissue  are  its  hardness, 
density,  and  rigidity — due  to  the  earthy  constituents;  and  its  elasti- 
city and  flexibility,  dependent  upon  the  osteine.  It  manifests  no 
vital  properties,  except  so  far  as  to  secure  its  own  nutrition  and 
reparation. 

The  uses  of  the  bones  will  be  specified  after  their  structure  is 
described,  in  the  second  section  of  this  chapter. 

Distribution  of  the  Osseous  Tissue. 

The  osseous  tissue  is  found : — 

1.  In  the  bones,  of  which  the  skeleton  is  composed;  to  which  the 
ossicula  auditus,  and  the  os  hyoides  also  belong. 

2.  In  the  bones  developed  in  the  tendons;  as  the  sesamoid  bones, 
patella,  &c. 

8.  In  the  cementum  of  the  teeth. 

Many  of  the  cartilages  also  ossify  pretty  regularly  as  age  ad- 
vances; as  the  costal  cartilages,  and  those  of  the  larynx. 
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Distribution  in  the  Lower  Animals. 

In  the  invertehrata  true  osseous  tissue  is  never  found ;  the  exter- 
nal calcareous  skeleton  taking  its  place. 

In  the  other  vertebrcUa,  osseous  tissue  is  more  extensively  distri- 
buted than  in  man.  It  exists,  1,  in  the  skin  (of  the  armadillo,  tor- 
toise, lizard,  and  fishes) ;  2,  in  muscles  and  tendons  (the  diaphragma- 
tic bone  of  the  camel,  lama,  and  porcupine,  and  the  ossified  tendons 
of  birds) ;  3,  in  the  eye  (the  sclerotic  ring  of  birds,  chelonians  and 
saurians,  and  the  bony  scales  of  the  sclerotic  of  many  fishes);  4,  in 
the  external  portion  of  the  nose  (the  proboscis  of  the  pig  and  mole 
and  the  as  pronasale  of  the  sloth);  6,  in  the  tongue  {os  entoglossum 
of  fishes  and  birds) ;  6,  in  the  air-passages  (the  laryngeal,  tracheal, 
and  bronchial  bones  of  many  birds);  7,  in  the  sexual  organs  (penis- 
bone  of  some  mammalia) ;  8,  and  as  additions  to  the  skeleton  (ossa 
sterno-costalia  of  birds  and  some  mammals). 


SECTION  II. 
STRUCTURE  OF  THE  BONES. 

The  bones  are  usually  divided  into  the  long,^  the  short,  and  the 
flat ;  and  the  largest  bones,  especially  the  long  ones,  have  the  follow- 
ing elements  entering  into  their  structure : — 

1.  Osseous  tissue. 

2.  Bloodvessels. 

3.  Nerves. 

4.  Marrow  (adipose  tissue). 

Besides,  the  external  surface  of  the  bones  is  covered  at  every 
point  by  some  one  of  the  following  structures: — 

1.  Periosteum. 

2.  Articular  cartilages,  and  interarticular  fibro-cartilages. 
8.  Synovial  membranes. 

4.  Insertions  (or  origins),  of  tendons  or  ligaments. 

The  periosteum^  hsLa  already  been  described  in  general  (page  279); 
it  being  the  fibrous  membrane  which  invests  the  bone,  and  in  which 
the  vessels  ramify  before  entering  the  substance  of  the  latter.  A 
more  definite  description  of  it  will  be  given  in  the  order  above. 

*  The  long  bones  consist  of  the  shaft  (diaphysis)  and  the  two  extremities  (epi- 
physes) ;  the  stracture  of  the  latter  being  like  that  of  the  short  bonei. 
'  From  iri(iy  around,  and  •erin^  a  bone* 
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1.  The  True  Osseous  Tisstie, 

This  peculiar  element  of  the  bones  has  been  described  at  length 
(pages  321—885). 

2.  The  Bloodvessels  of  the  Bones. 

The  bloodvessels  of  the  bones  are  first  sent  to  the  periosteum, 
which,  besides  the  branches  it  transmits  directly  into  the  substance 
of  the  bone,  presents  a  pretty  close  network  of  capillaries,  ^-^j^  of 
an  inch  in  diameter  in  its  outer  layer.  The  vessels  entering  the 
substance  of  the  bone  are  very  numerous. 

On  the  long  bones  are  distinct  vessels  for  the  nutrition  of  (1)  the 
cancellated  structure  of  the  extremities,  (2)  of  the  compact  sub- 
stance of  the  shaft,  and  (3)  of  the  marrow.  The  latter,  called  the 
vcisa  nutritioj  enter  the  medullary  cavity  of  the  bones,  one  or  two 
to  the  shaft,  and  several  to  the  epiphyses,  through  large  openings 
and  canals ;  and,  except  a  few  twigs  given  off  to  the  innermost  Ha- 
versian canals  of  the  compact  substance,  ramify  in  the  marrow, 
where  they  form  a  capillary  plexus  whose  vessels  are  from  ^^^^^  to 
j^^  of  an  inch  in  diameter. 

(2.)  The  vessels  of  the  compact  substance  rise  principally  from 
those  of  the  periosteum.  They  very  soon  lose  their  muscular  coat, 
and  form  in  the  Haversian  canals  (which  they  fill  either  alone  or 
in  connection  with  some  medullary  substance),  a  network  of  wide 
vessels.  The  latter  can  hardly  be  regarded  as  capillaries,  how- 
ever, since  they  show  a  layer  of  areolar  tissue  and  an  epithelium ; 
and  fine  capillaries  co-exist  with  the  main  vessel  only  in  the  larger 
canals. 

(3.)  The  cancellated  structure  of  the  extremities  of  the  long 
bones  is  supplied  by  the  vessels  transmitted  by  the  numerous  canals 
seen  by  the  unaided  eye  upon  their  external  surface. 

The  verums  blood  is  returned  from  all  the  long  bones  in  three 
ways :  (1),  by  a  large  vein  accompanying  the  nutrient  artery,  and 
whose  ramifications  it  follows;  (2),  by  numerous  large  and  small 
veins  at  the  articular  extremities;  and,  (3),  by  many  small  veins  in- 
dependent of  each  other  in  the  compact  tissue  of  the  shaft,  in  which 
their  roots  occupy  the  wider  spaces  and  sinuses,  or  pouch-like  ex* 
cavations,  which  are  very  evident  in  sections  of  bone.  (Fig.  214,  3.) 

All  the  vessels  of  bone  just  mentioned  freely  communicate,  so 
22 
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Distribution  in  the  Lower  Animals. 

In  the  invertebrcUa  true  osseous  tissue  is  never  found ;  the  exter- 
nal calcareous  skeleton  taking  its  place. 

In  the  other  vertebrcUa,  osseous  tissue  is  more  extensively  distri- 
buted than  in  man.  It  exists,  1,  in  the  skin  (of  the  armadillo,  tor- 
toise, lizard,  and  fishes) ;  2,  in  muscles  and  tendons  (the  diaphragma- 
tic bone  of  the  camel,  lama,  and  porcupine,  and  the  ossified  tendons 
of  birds);  3,  in  the  eye  (the  sclerotic  ring  of  birds,  chelonians  and 
saurians,  and  the  bony  scales  of  the  sclerotic  of  many  fishes);  4,  in 
the  external  portion  of  the  nose  (the  proboscis  of  the  pig  and  mole 
and  the  os  pronasale  of  the  sloth);  5,  in  the  tongue  (ps  entoghssum 
of  fishes  and  birds) ;  6,  in  the  air-passages  (the  laryngeal,  tracheal, 
and  bronchial  bones  of  many  birds);  7,  in  the  sexual  organs  (penis- 
bone  of  some  mammalia) ;  8,  and  as  additions  to  the  skeleton  (ossa 
stemo-costalia  of  birds  and  some  mammals). 


SECTION  II. 
STRUCTURE  OF  THE  BONES. 

The  bones  are  usually  divided  into  the  long,^  the  short,  and  the 
flat ;  and  the  largest  bones,  especially  the  long  ones,  have  the  follow- 
ing elements  entering  into  their  structure: — 

1.  Osseous  tissue. 

2.  Bloodvessels. 

3.  Nerves. 

4.  Marrow  (adipose  tissue). 

Besides,  the  external  surface  of  the  bones  is  covered  at  every 
point  by  some  one  of  the  following  structures: — 

1.  Periosteum, 

2.  Articular  cartilages,  and  interarticular  fibro-cartilages. 

3.  Synovial  membranes. 

4.  Insertions  (or  origins),  of  tendons  or  ligaments. 

The  periosteum^  has  already  been  described  in  general  (page  279); 
it  being  the  fibrous  membrane  which  invests  the  bone,  and  in  which 
the  vessels  ramify  before  entering  the  substance  of  the  latter.  A 
more  definite  description  of  it  will  be  given  in  the  order  above. 

*  The  long  bonos  consist  of  the  shaft  (diaphjsis)  and  the  two  extremities  (epi- 
physes) ;  the  structure  of  the  latter  being  like  that  of  the  short  bonet. 
'  From  irlfi,  around,  and  •rrin^  a  bone. 
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1.  The  True  Osseous  Tissue, 

This  peculiar  element  of  the  bones  has  been  described  at  length 
(pages  321—335). 

2.  The  Bloodvessels  of  the  Bones. 

The  bloodvessels  of  the  bones  are  first  sent  to  the  periosteum, 
which,  besides  the  branches  it  transmits  directly  into  the  substance 
of  the  bone,  presents  a  pretty  close  network  of  capillaries,  ^^i^i^  of 
an  inch  in  diameter  in  its  outer  layer.  The  vessels  entering  the 
substance  of  the  bone  are  very  numerous. 

On  the  long  bones  are  distinct  vessels  for  the  nutrition  of  (1)  the 
cancellated  structure  of  the  extremities,  (2)  of  the  compact  sub- 
stance of  the  shaft,  and  (3)  of  the  marrow.  The  latter,  called  the 
vasa  nutritia^  enter  the  medullary  cavity  of  the  bones,  one  or  two 
to  the  shaft,  and  several  to  the  epiphyses,  through  large  openings 
and  canals;  and,  except  a  few  twigs  given  ofiTto  the  innermost  Ha- 
versian canals  of  the  compact  substance,  ramify  in  the  marrow, 
where  they  form  a  capillary  plexus  whose  vessels  are  from  -^^^j^  to 
9^v  of  an  inch  in  diameter. 

(2.)  The  vessels  of  the  compact  substance  rise  principally  from 
those  of  the  periosteum.  They  very  soon  lose  their  muscular  coat, 
and  form  in  the  Haversian  canals  (which  they  fill  either  alone  or 
in  connection  with  some  medullary  substance),  a  network  of  wide 
vessels.  The  latter  can  hardly  be  regarded  as  capillaries,  how- 
ever, since  they  show  a  layer  of  areolar  tissue  and  an  epithelium ; 
and  fine  capillaries  co-exist  with  the  main  vessel  only  in  the  larger 
canals. 

(3.)  The  cancellated  structure  of  the  extremities  of  the  long 
bones  is  supplied  by  the  vessels  transmitted  by  the  numerous  canals 
seen  by  the  unaid^  eye  upon  their  external  surface. 

The  venous  blood  is  returned  from  all  the  long  bones  in  three 
ways:  (1),  by  a  large  vein  accompanying  the  nutrient  artery,  and 
whose  ramifications  it  follows;  (2),  by  numerous  large  and  small 
veins  at  the  articular  extremities;  and,  (3),  by  many  small  veins  in- 
dependent of  each  other  in  the  compact  tissue  of  the  shaft,  in  which 
their  roots  occupy  the  wider  spaces  and  sinuses,  or  pouch-like  ex* 
cavations,  which  are  very  evident  in  sections  of  bone.  (Fig.  214,  3.) 

All  the  vessels  of  bone  just  mentioned  freely  communicate,  so 
22  ' 
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that  it  is  possible  for  the  blood  of  any  one  part  to  reach  any  other 
part. 

In  the  short  bones,  the  bloodvessels  present  very  nearly  the  same 
conditions  as  those  of  the  epiphyses  of  the  long  bones ;  the  arteries 
and  veins  of  larger  and  smaller  size  entering  and  quitting  the  bone 
at  numerous  points  on  the  surface. 

In  the^^  bones,  as  the  scapula  and  coxal  bone,  there  are  digtinct 
i^rtures  for  the  larger  arteries  and  veins ;  the  compact  substance 
receiving  finer  vessels  from  the  periosteum,  and  the  cancellated 
structure  being  supplied  by  numerous  and  large  vessels.  In  the 
flat  cranial  bones  the  arteries  mostly  enter  the  compact  and  the 
spongy  portions  (diploe)  from  both  surfaces;  while  the  veins  have 
only  their  extremities  free  in  the  cavities  of  the  diploe  as  in  other 
bones,  and  their  trunks  contained  in  large,  arborescent  canaki 
emerge  at  definite  points  through  large  apertures  (emissaria  Santo- 
rini),  and  communicate  freely  with  the  veins  of  the  dura  mater. 
The  veins  of  the  cranial  bones,  however,  become  obliterated  as  age 
advances,  coincidently  with  the  diminution  of  the  diploe.  In  the 
new-bom  infant,  arteries  as  well  as  veins,  occupy  the  emuforia. 
The  articular  cartilages  have  no  vessels  at  alL  Those  of  the  syno- 
vial membranes  will  be  described  further  on. 

Lymplvalic  vessels  in  bone  have  been  described  by  some  anatomists. 
Kolliker,  however,  does  not  admit  their  existence  in  either  bone, 
periosteum,  or  synovial  membranes;  though  they  pretty  certainly 
exist  in  the  loose  areolar  tissue  around  the  last,  especially  at  the 
knee. 

8.  Nerves  of  the  Bones. 

It  is  necessary  to  distinguish  the  nerves  of  the  bones  from  those 
of  the  periosteum,  in  which  the  former  lie,  before  entering  the  sub- 
stance of  the  bone.  The  nerves  of  the  bone  are  larger  than  those 
of  the  periosteum,  and  sometimes  give  off  the  latter  as  branches. 
They  exist  in  all  bones — except,  perhaps,  the  small  bones  of  the  ear, 
and  the  sesamoid  bones — though  not  in  all  bones  fulfilling  the  same 
conditions.'  In  the  large  cylindrical  bones,  they,yir«^  penetrate  into 
the  medullary  cavity  with  the  nutrient  vessels  of  the  marrow  (whe- 
ther there  be  one  or  two);  the  trunks  being  visible  to  the  naked 
eye,  and  as  much  as  ^f^  of  an  inch  in  diameter.  They  are  distri- 
buted to  the  marrow,  following  the  course  of  the  vessels,  though 
not  always  in  apposition  with  them,  towards  the  e|)iphyses;  forming 
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many  ramifications,  and  but  few  anastomoses.  Secondly,  numerous 
finer  nerves  penetrate  with  the  numerous  bloodvessels  into  the  can* 
oellated  tissue,  and  ramify  in  the  medulla.  And,  thirdly^  extremely 
delicate  nervous  filaments  are  sent  into  the  compact  structure  of  the 
^iphyses,  in  company  with  the  minute  arteries  by  which  they  are 
penetrated.  The  smaller  cylindrical  bones  of  the  hand  and  foot 
present  the  same  conditions  as  the  larger  ones  just  described,  except 
that  the  nerves  are  not  so  regularly  divided  into  epiphysal  and  dia- 
pliysal,  on  account  of  the  undeveloped  condition  of  the  medullary 
cavities. 

Of  the  short  bones,  the  vertebrsB  are  most  abundantly  supplied 
with  nerves ;  and  especially  their  bodies.  {KolUker)  They  enter 
anteriorly,  posteriorly,  and  on  the  sides,  in  company  with  the  ves- 
aelfl,  and  are  distributed  to  the  marrow  of  the  spongy  substance. 

In  the  fiat  bones — as  the  scapulsd  and  coxal  bones — the  nerves 
are  very  numerous,  and  enter  the  bone  with  the  larger  vessels  before 
described.  In  the  occipital,  parietal,  and  frontal  bones,  microscopic 
nervous  filaments  enter  as  far  as  to  the  diploe,  upon  the  finer  arteries. 

The  nerve-fibres  thus  richly  distributed  to  bone  are  both  cerebro- 
spinal and  sympathetic ;  the  former  constituting  about  two-thirds 
of  all  the  fibres,  and  being  91/,^^  to  ^^^  of  an  inch  in  diameter. 
{KoUiker)  The  periosteal  nerves  are  also,  apparently,  mainly  spinal ; 
though  some  participation  of  the  sympathetic  cannot,  perhaps,  be 
denied  in  their  case,  also. 

How  the  nerves  of  bone  terminate,  is  not  yet  decided.  They 
sometimes  have' Pacinian  bodies  upon  them  just  before  entering  the 
bone-substance. 

The  principal /uTic^um  of  the  nerves  of  bone  seems  to  be  to  regu- 
late the  flow  of  blood  and  plasma  through  the  part  {Kolliker.) 

The  synovial  membranes  also  contain  nerves.  The  ligaments  (in 
noan)  do  not;  and  the  same  is  true  of  the  articular  cartilages. 

4.  The  Marrow  of  the  Bones  {Medulla), 

Almost  all  the  larger  cavities  in  the  bones  are  filled  by  a  soft,, 
transparent,  yellowish  or  reddish,  highly  vascular  substance,  the 
marrow.  .It  is  found  chiefiy  in  the  medullary  canals  of  cylindrical 
bones,  and  in  the  cancelli  of  all  bones ;  though  it  also  enters  into 
the  larger  Haversian  canals  of  the  compact  substance.  In  the  shafts 
of  the  long  bones  it  appears  as  a  yelbw  semi-fluid  substance,  difier- 
ing  essentially  in  chemical  composition  from  the  red  kind  of  marrow 
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which  occurs  in  their  epiphyses,  and  in  the  short  and  flat  bones,  the 
sternum,  and  the  bodies  of  the  vertebrsB,  These  two  forms  are  also 
quite  different  in  chemical  composition.  While  the  former  is  made 
up  (in  the  bones  of  the  ox,  according  to  Berzelius)  of  96  per  cent 
of  fat,!  of  areolar  tissue,  and  8  of  fluid  with  extractive  matter,  the 
latter  (in  the  diploe)  contains  76  per  cent,  of  water,  the  rest  (25  per 
cent.)  being  made  up  of  solid  matters,  albumen,  fibrine,  and  ex- 
tractive matter,  similar  to  those  of  muscle,  with  merely  traces  of  &t. 
In  its  structure,  marrow  presents,  besides  vessels  and  nerves,  areo- 
lar tissue,  fat-cells,  free  fat,  and  a  yellowish  fluid ;  and,  lastly,  pecu- 
liar minute  cells — marrow-cells. 

1.  The  areolar  tissue  inclosing  the  marrow  of  the  shaft  of  long 
bones  is  of  a  firm  consistency,  but  is  improperly  described  as  an 
endosteum  (internal  periosteum),  since  it  cannot  be  separated  as  a 
distinct  structure.  It  also  penetrates  the  marrow  of  the  long  bones, 
and  supports  the  vessels  and  nerves ;  while  it  does  not  enter  at  all 
into  the  marrow  of  the  cancelli,  except  in  case  of  the  larger  masses 
of  it. 

2.  Fat-cells,  if^j^  to  ^i^  o(  an  inch  in  diameter,  and  often  with  a 
distinct  nucleus,  occur  in  both  forms  of  marrow;  more  abundantly, 
however,  in  the  yellow,  dense  form,  and  generally  not  aggregated 
into  lobules.  In  the  red  variety  they  are  far  less  numerous,  and 
often  isolated  even;  and  hence  the  small  quantity  of  fat  in  the 
diploe.  {Berzelius,)  In  dropsical  marrow,  these  cells  are  frequently 
only  half  filled  with  fat,  or  with  but  one  or  more  globules ;  con- 
taining, besides,  a  large  quantity  of  serum  (p.  807).  In  hyperflemia 
of  the  bones,  they  are  sometimes  diminished  in  size,  and  are  also 
elongated  and  fusiform. 

8.  Free  fat-globules,  and  a  clear  or  yellotvish  fluid,  are  often  met 
with  in  the  softer  kinds  of  marrow.  The  former  may  possibly  have 
been  derived  from  cells  which  no  longer  exist. 

Lastly,  the  marrow-cells  occur  in  the  red  or  the  reddish  marrow, 
but  never  in  the  yellow.  They  exist  normally  in  the  vertebraa,  the 
cranial  bones,  the  sternum,  and  the  ribs ;  and  in  the  upper  maxil- 
lary bone,  also,  where  they  have  been  mistaken  for  cancer-cells. 
They  also  occur  in  the  hyperaemiated  red  marrow  of  the,  articular 
extremities  of  the  cylindrical  bones;  but  are  normally  absent  in  all 
the  bones  of  the  extremities,  and  in  the  scapulae  and  the  coxal  bones. 

9 

They  precisely  resemble  the  cells  of  the  young  medulla  (p.  855). 
Use  of  the  Marrow. — The  cavities  of  the  bones  in  man  must  be 
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filled  either  with  a  fluid  or  a  solid  substance,  since  they  do  not  com- 
municate with  the  air.  The  marrow  being  a  form  of  adipose  tissue, 
answers  the  purpose,therefore— y!r«(,of  mere  package;  hut^ secondly , 
it  also,  from  the  &t  it  contains  being  lighter  than  other  animal  fluids, 
renders  the  bones  lighter  than  they  would  be,  were  the  latter  sub- 
stituted; and,  thirdly  J  in  the  emergency  of  starvation,  it  is  reab- 
sorbed into  the  blood,  and  thus  prolongs  life — its  cells  becoming 
at  the  same  time  fiUed  with  a  serous  fluid  (p.  807). 

In  most  birds^  the  cavities  of  the  long  bones  communicate  indi- 
rectly with  the  atmosphere,  and  therefore  contain  no  marrow. 

The  Periosteum, 

The  periosteum  is  a  more  or  less  transparent,  slightly  glistening, 
or  whitish-yellow  extensible  membrane.  It  is  also  vascular,  and 
iny<9st8  the  surface  of  the  bones,  except  where  certain  muscles  and 
ligaments  are  inserted,  and  where  the  surfSEtce  is  covered  by  the 
articular  cartilages. 

It  is,  however,  not  everywhere  constituted  alike.  When,  only 
covered  by  the  skin,  or  connected  with  fibrous  structures  (as  liga- 
ments, tendons,  fiEtscisD,  and  the  dura  mater),  it  is  opaque,  thick,  and 
generally  glistening  like  tendinous  structures.  On  the  other  hand, 
it  is  thin  and  transparent  when  muscular  fibres  rise  directly  from 
i%  and  when  the  muscles  nearly  rest  upon  the  bone  (as  on  the  ex- 
terhal  surface  of  the  cranium);  also  in  the  vertebral  canal  and  in 
the  orbit  When  mucous  membrane  rests  on  bone,  the  periosteum 
is  generally  very  intimately  united  to  it  by  the  submucous  areolar 
tissue;  so  that  the  two  cannot  be  separated,  and  constitute  a  single 
membrane  of  varying  thickness  (in  the  ethmoid  cells,  maxillary 
sinus,  &c). 

The  connection  of  the  periosteum  with  the  bone  is  sometimes 
very  loose,  it  being  merely  in  apposition,  or  attached  by  delicate 
yessels  penetrating  the  bone;  and  sometimes  very  firm  and  intimate 
by  means  of  larger  yessels  and  nerves,  and  numerous  tendinous 
filaments.  The  former  occurs  more  generally  where  the  periosteum 
is  thin,  and  the  osseous  tissue  more  compact,  as  in  the  shafts  of  long 
bones  and  in  the  sinuses  of  the  cranium ;  the  latter,  where  the  peri- 
osteum is  thicker,  and  the  compact  substance  thinner,  as  in  the  epi- 
physes, in  the  short  bones,  the  palate,  and  at  the  base  of  the  cranium. 

In  its  intimate  structure,  the  periosteum  presents  almost  always, 
except  where  muscles  rise  from   it  directly,  two  layers,  differing 
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more  or  less  in  structure,  though  closely  connected.  The  extenyoi 
layer  is  composed  chiefly  of  white  fibrous  tissue,  with  occasional 
fat-cells,  and  in  this  are  the  true  vessels  and  nerves  of  the  peri- 
osteum. The  inner  layer  contains  elastic  fibres,  usually  of  the  finer 
sort,  constituting  very  thick  networks — true  elastic  membranes — 
superimposed  one  upon  another.  The  white  fibrous  tissue  consti- 
tutes the  least  important  element.  Nerves  and  vessels  occur  in  this 
layer,  also;  but  they  merely  pass  through  it,  preparatory  to  entering 
the  bone  itself. 

The  following  sur&ces  of  the  bones  are  not  covered  by  peri- 
osteum : — 

1.  All  surfaces  where  the  bone  is  covered  by  the  articular  (or 
other)  cartilage,  or  fibro-cartilage. 

2.  Where  ligaments  and  tendons  are  attached  to  bones  at  a  cer- 
tain angle ;  e.  g.  the  ligamenta  subflava,  ligamentum  teres,  liga- 
mentum  patellsB,  and  the  intervertebral,  ilio-sacral,  and  interosseous 
ligaments;  and  the  tendons  of  the  deltoid,  the  coraco-brachialis, 
popliteus,  triceps,  psoas-iliac,  gastrocnemii,  quadriceps  femoris,  glu- 
tsdi,  &c.  On  all  these  surfaces  the  structures  just  mentioned  are 
attached  directly  to  the  bone,  and  not  a  trace  of  periosteum  is  found. 

Articular  Cartilages, 

The  articular  cartilages  cover  the  bones  at  their  articular  extre- 
mities. They  are  closely  applied  to  the  bone  with  a  rough,  hol- 
lowed, or  raised  surface,  but  are  not  united  to  it  by  any  intermediate 
substance.  On  its  free  surface,  it  is  in  most  joints  quite  bare  in  the 
adult;  but  covered  in  the  foetus  by  a  delicate  epithelium  like  that 
lining  the  vessels,  as  has  been  already  asserted  (p.  318).  Thefibro- 
cartilages  of  circumference^  so  called  (glenoid  and  cotyloid  ligaments, 
&c.),  are  firm,  yellowish-white  rings  of  white  fibrous  tissue,  con- 
taining a  few  isolated  cartilage-cells,  attached  at  the  border  of  the 
articular  cartilage,  by  a  wider  base,  immediately  to  the  bone,  or 
partly  also  to  the  cartilage.  They  are  generally  free,  and  not  co- 
vered by  the  synovial  membrane  or  any  epithelium.  Reichert 
found  fine  desquamated  flakes  of  cartilage  in  the  synovia,  which 
fell  readily  into  folds,  and  thus  resembled  a  fibro-cartilaginous  tissue. 

In  its  intimate  structure,  articular  cartilage  is  peculiar  only  in  the 
fact  that  the  cartilage-cavities  near  the  free  surface  are  small,  nu- 
merous, flattened,  and  parallel  to  it;  while  those  in  the  deeper  por- 
tions next  to  the  bone  are  elongated,  and  arranged  perpendicularly 
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B  tbe  surface  of  the  latter.  (Fig,  222.)  Neither  the  articular  carti- 
lages nor  the  fibro-cartilages  of  circumference  contftin  either  nerves 
or  vessels,  though  the  vesaela  of  the  synovial  menibranea  sometimes 
intrude  upon  them  at  their  borders. 

Dr.  Leidy,  of  Philadelphia,  has  also 
observed  Dumerous  minute  lacunie  in 
articular  cartilages.  These  are  lenticu- 
lar in  outline,  n'oo  to  3,'ia  of  an  inch 
in  length,  and  most  abundant  in  the 
deepest  layer  of  the  cartilage,  and  de- 
crease in  number  towards  its  free  sur- 
face. Another  peculiarity,  also  de- 
scribed by  Dr.  Leidy,  is  the  penetra- 
tion of  the  structure  of  the  articular 
cartilage  by  6bres  or  columns  of  bone. 
Those  fibrea  are  compressed  and  oylin 
drical  in  shape,  and  present  an  el]i)> 
tical  outline  on  a  transverse  section. 
They  are  not  numerous,  are  concen- 
trically laminated,  and  present  a  radi- 
ated appearance,  not  very  unlike  .-tii 
Haversian  rod;  but  neither  the  Haver- 
siaa  canal,  nor  the  lacunie  and  port.-.'-, 
are  to  be  seen. 

The  condition  of  the  bone  beneath 
the  articular  cartilages  is  peculiar,  con- 
sisting, in  almost  all  joints,  of  a  layer 
of  incompletely  formed  osseous  tissue.       ^^ 
This  layer  is  ^io  to  ,',  (average  yi„)   '"P'' 
of  an  inch  thick,  and  is  a  yellowish,    mm 
mostly  Ebrous,  hard,  and  truly  ossified    '"'j''" 
matrix;    containing,  however,  not    a    tHet 
trace  of  Haversian  canals  or  raedul-    ""'i««*-«ii'.  ">'!"•'"'""  »!'(*;"''« 

dirk  rroin  Ihnlc  eooUlalDc  dr.    «,  Tnw 

lary  cavities,  nor  any  perfectly  formed  booMnb.i.n™.  /.  End  ot  ih^  aii«iii 
lacuna;.  Instead,  however,  of  these,  !^^lJ^flJ!l'JJ^i»^j,^t  ".KHa^T"' 
are  found  roundish  or  elongated  cor- 

piuclea,  aggregated  into  little  masses  or  rows  3  gigg  to  ,  J,  of  an  inch 
long,  and  71*00  ^  idoo  °^  ^Q  i^^^h  broad.  These  give  thin  sections 
of  the  bone  a  perfectly  opaque  aspect;  and  are  really  thick-walled 
cartilage-cells,  retaining  their  contents  (fat  and  nuclei),  occasionally 
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presenting  indications  of  pores,  and  being  perhaps  also  partly 
fied.  In  other  Bases  tbey  are,  in  fact,  undeveloped  lacunEe.  Tbis 
layer  is  bounded  towards  the  cartilage  bj  a  straight  line, and  towards 
the  bone  by  a  sinuous  contour.  It  occurs  in  every  artioulat 
except  that  of  the  lower  jaw,  and  those  on  the  oa  hyoides.  {Kiillt 
(Fig.  222.) 
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In  pathological  states,  the  articular  cartilages  sometimes  assui 
fibrous  structure,  a  change  often  attended  by  an  increase  of  t1 
ness.  These  fibres  are  sometimes  half  an  inch  in  length.  (Qrumi 
Sometimes  they  wear  away  rapidly,  or  even  entirely  disappear,  leav* 
iog  the  bones  bare.  They  may  also  be  attacked  by  ulceration ;  this 
penetrating  to  the  bone,  or  commencing  nest  to  it  ami  extending 
towards  the  free  surface. 

The  Synovial  Membranes, 
The  synovial  membranes  are  not  closed  cavities,  as  generally 
scribed;  but  merely  of  the  forni  of  rings,  or  short  tubes,  whose 
open  ends  or  borders  are  attached  to  the  circumference  of  the  ai 
lar  surfaces  of  the  bones,  and  thus  connect  them  together. 
are  delicate  transparent  membranes,  but  are  often  invested 
aally  by  the  capsular  or  other  ligaments  of  joints,  from  which 
are  with  difficulty  separated. 

The  precise  relations  of  the  synovial  uiera- 
branes  are  as  follows:  They  are  attached 
simply  to  the  border  of  the  articular  surface, 
andeither  thrown  across  directly  to  the  other 
bone,  or  they  may  in  the  first  place  invest  a 
sniall  surface  of  the  first  bone  also,  as  well 
as  the  cartilage,  and  then  pass  to  the  other 
bone.  (Fig,  228.)  In  either  case,  the  syno- 
vial membrane  does  not  adhere  directly  to 
the  hard  tissues  underneath  it ;  but  is  more 
or  leas  closely  connected  with  the  periosteum 
or  the  perichondrium.  It  finally  terminates, 
without  any  distinct  margin,  near  the  border 
of  the  articular  cartilage,  being  iuseparal 
united  with  its  perichondrium. 

In  their  inliviale  atnicture,  the  synoi 
membranes  consist — first,  of  a  layer  of 
densed    areolar    tissue,   with    vessels    and 
nerves;  and,  secondhj,  an  epithelium. 
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1.  The  eorium  (or  layer  of  areolar  tissue)  sometimes,  though 
rmrely,  contains  fat-cells  in  its  meshes,  and  a  few  scattered  cartilage- 
oellfl  with  thick,  opaque  walls. 

2.  The  epiihelium  is  composed  of  from  one  to  four  layers  of  large 
teBsellated  cells,  jt'oi^  to  ^^^jg  of  an  inch  in  diameter,  with  roundish 
nuclei  of  y^'giy  to  -^^^-^  of  an  inch. 

The  synovial  membranes  present  large  adipose  masses  and  vascu- 
lar processes.  The  former,  once  erroneously  termed  Haversian 
glands,  are  found  principally  in  the  hip-  and  knee-joints,  and  consist 
of  collections  of  fat-cells  in  vascular  portions  of  the  synovial  mem- 
brane. The  vascular  processes  constitute  red,  flattened  projections 
of  the  synovial  membrane,  with  an  indented  and  polished  margin, 
fturnished  with  minute  processes.  The  folds  are  usually  placed 
dose  to  the  junction  of  the  synovial  membrane  with  the  articular 
cartilage,  and  lie  flat  upon  the  latter,  forming  a  sort  of  coronal 
around  it.  They  differ  from  the  rest  of  the  membrane  in  structure, 
principally  in  their  great  vascularity,  since  they  consist  of  little 
else  than  minute  arteries  and  veins,  and  delicate  capillaries  forming 
wavy  loops  at  the  edge  of  the  processes ;  and  hence  resemble  the 
choroid  plexus  in  the  ventricles  of  the  brain.  Besides  the  vessels, 
these  processes  consist  of  areolar  tissue  and  the  epithelium  found 
elsewhere  on  these  membranes.  At  the  edge  of  these  processes, 
projections  of  the  membrane,  of  extraordinary  forms  (sometimes 
resembling  the  stems  of  a  cactus),  are  found.  It  is  these  non- 
Tiiscular  processes  which,  being  enlarged  and  then  detached,  con- 
stitute one  of  the  forms  of  the  erroneously  so-called  hose  cartilages 
in  joints,  as  has  already  been  shown  (p.  819,  2). 

The  nerves  of  the  synovial  membrane  are  hut  few  in  number. 

The  synovia  is  evidently  secreted  by  the  epithelial  cells  upon  the 
▼ascular  processes;  and  to  a  very  slight  extent  also,  doubtless,  by 
those  on  the  rest  of  the  membrane.  The  properties  of  this  fluid 
have  already  been  stated  (pp.  180  and  198).  Its  function  is  to 
diminish  friction  in  the  varied  movements  of  the  joints. 

IrUer-Articular  Fxhro- Cartilages. 

The  inter-articular  fibro-cartilages  may  be  mentioned  here,  though 
they  do  not  actually  come  into  contact  with  the  bones.  They  are 
interposed  between  the  two  articular-cartilages  of  some  joints  (arti- 
culations of  lower  jaw,  sternuifi  and  clavicle,  &c.);  or  form  mere 
projections  between  them  (semilunar  cartilages,  so  called,  of  the 
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knee-joint).  In  intimate  structure  they  do  not  di£fer  from  other 
fibro-cartilages ;  except  that  the  cartilage-cells  are  smaller  and  more 
abundant  in  the  deep,  and  less  so  in  the  superficial  portions  (p. 
314).  In  old  persons,  they  lose  their  distinct  fibrous  structure,  and 
assume  a  yellow  or  brownish  color. 

The  inter-articular  ligaments,  so  called,  must  also  be  classified 
with  the  preceding  fibro-cartilages.  They  are  not  ooveired  by  sy- 
novial membrane;  nor  even  by  an  epithelium,  except  for  a  small 
extent  at  their  attached  borders  («.  g.  ligamentum  teres,  &c). 

Connection  of  Tendons  and  LigamerUs  with  the  Bones, 

Tendons  and  ligaments  are  generally  inserted  iato  the  periosteum. 
Both  are,  however,  in  some  instances  inserted  into  the  bone  itself; 
there  being  no  trace  of.  periosteum  intervening.  This  is  the  case 
with  the  tendons  of  the  quadriceps  femoris,  pectoralis  major,  del- 
toid, latissimus  dorsi,  psoas-iliac,  glutsei,  the  tendo-AchiUis,  Ac,  and 
the  ligaments,  mentioned  on  page  842,  2.  In  these  cases  the  fisiaciculi 
of  the  tendon  rest  at  an  acute  or  a  right  angle  on  the  surface  of  the 
bone,  and  become  attached  to  all  the  elevations  and  depressions  of 
its  surface.  Close  to  the  bones,  the  tendons  frequently  also  con- 
tain delicate  cartilage-cells.  They  also,  in  exceptional  cases,  be- 
come entirely  incrusted  with  calcareous  salts  in  the  form  of  granules, 
next  the  bone.    Fig.  224  shows  the  peculiarities  just  mentioned. 


The  general  structure  of  the  proper  jointa  or  movable  articula> 
tions  (diarthroses)  may  be  gathered  from  what  has  preceded.  Each 
diarthrodial  articulation  contains  the  following  elements: — 

1.  The  articular  cartilages,  covering  the  extremities  of  the  bones, 
described  on  page  843. 

2.  The  synovial  membrane,  secreting  the  synovial  fluid  (p.  844). 
8.  In  some  instances,  inter-articular  fibro-cartilages  (p.  345). 

4.  Ligaments  of  various  forms ;  inter-articular  and  circumferen- 
tial (pp.  346  and  342). 

The  amphiarthroses,  or  symphyses,  have  a  simpler  structure.  Here 
the  connection  of  the  bones  is  by  cartilage  alone,  or  associated  with 
fibro-cartilage  and  white  fibrous  tissue.  In  the  symphysis  pubis, 
sacro-iliac  synchondrosis,  and  the  articulations  of  the  bodies  of  the 
vertebrae,  the  surfaces  of  the  bones  are  directly  covered  by  a  layer 
of  true  cartilage;  and  which  in  thk  first  two  situations,  is  directly 
connected  with  the  opposite  layer,  and  in  the  last,  by  means  of  fibro- 
cartilage  and  white  fibrous  tissue  in  consecutive  layers.    In  the 
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first  two  caaes  also,  there  is  frequently  a  cavity  in  the  inierior  of 
the  coDoecting  substance;  so  that  the  sacro-iliao  symphysis  in  par- 
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ticular  may  be  regarded  as  a  sort  of  movable  articulation.  (Zdglas.) 
Some  of  the  articulationii  of  this  class  are  also  surrounded  by  liga- 
ments, described  in  all  anatomical  works. 

In  the  fynarthrosa,  the  bones  are  united  merely  by  an  extremely 
thin  membranous  whitish  streak,  incorrectly  termed  the  sutural 
carlifnge.  It  is  really  white  fibrous  tissue,  and  it  gradually  disap- 
pears in  old  age,  and  is  at  last  in  many  parts  entirely  removed, 
especially  on  the  inner  part  of  the  sutures;  and  even  before  the 
complete  obliteration  of  the  latter.  It  is  properly  termed  the  sulural 
hgamenl,  therefore. 

Properties  of  Ike  Bones. 

The  properties  of  the  bones  are  those  of  the  osseous  tissue, 

alieady  specified  (p.  335),  the  most  important  being  their  rigidity 
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and  density,  and  others  incidental  to  these.  Upon  these  proper- 
ties their  nses  depend. 

The  cohesive  force  of  bone  is  truly  astonishing ;  it  being  twice  as 
great  as  that  of  oak,  though  its  specific  gravity  is  to  that  of  oak  as 
92 :  65.> 

The  vertical  strength  of  bone,  or  its  power  as  a  column  of  sup- 
port, and  to  resist  pressure,  is  still  more  wonderful.  Prof.  BobiD- 
son  found  that  a  disk  of  bone  one  inch  square,  supported  a  weight 
of  5000'  lbs.  He  does  not,  however,  specify  the  thickness  of  the 
disk. 

The  power  of  the  bones  to  resist  flexion  and  fracture,  or  as  mere 
levers,  must  also  be  mentioned  here.  Prof.  Robinson  found  bone  re- 
lated, in  this  respect,  to  freestone,  lead,  and  several  of  the  strongest 
kinds  of  wood,  as  follows : — 

Fine  freestone 1. 

Lead 6.5 

Elm  and  ash  .  .  .  .  .  8.5 
Box,  yew,  and  oak  .  .  .  .11. 
Bone 23. 

In  other  terms,  bone  is  22  times  as  strong  in  this  respect  as  fine 
freestone ;  about  S|  times  as  strong  as  lead ;  nearly  2f  times  as 
strong  as  elm  and  ash,  and  twice  as  strong  as  box,  yew,  and  oak. 

Uses  of  the  Bones. 

The  bones  in  their  aggregate  constitute  the  osseous  skeleton  of 
the  vertebrate  animals.^ 

1.  The  skeleton  gives  firmness  to  the  body  and  preserves  its  sym- 
metry. The  spinal  column  and  the  cranium  at  the  same  time  also 
protect  the  spinal  cord  and  the  encephalon ;  and  the  bony  walls  of 
the  thorax  and  pelvis,  the  contents  of  these  cavities  respectively. 
All  the  bones,  mofeover,  afford  fixed  points  for  the  attachment  of 
the  muscles. 

2.  The  long  bones  are  acted  upon  by  the  muscles  as  levers,  and 
hence  are  the  passive  organs  of  the  motions;  those  of  the  lower 
extremities  being  subservient  to  locomotion,  and  those  of  the  upper, 

•  London  Lancet,  April,  1846,  p.  346.  >  n)id.,  p.  240. 

*  At  the  age  of  21  years,  the  weight  of  the  skeleton  is  to  that  of  the  whole  bod/ 
(the  latter  being  125  to  130  lbs.)— as  10.5  :  100  in  man,  and  as  8.5 :  100  in  woman. 
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to  the  infinity  of  movements  of  which  the  latter  are  capable.    The 
ribs  are  thus  subservient  to  the  movements  of  respiration. 

8.  The  long  bones  especially  manifest  the  power  to  resist  fracture 
before  illustrated,  and  to  this  effect  the  hollow  cylindrical  form  of 
their  diaphyses  greatly  contributes.  Indeed,  if  the  weight  of  the 
shaft,  and  the  length,  be  the  same,  its  strength  as  a  lever  varies 
(within  certain  limits)  directly  as  its  diameter,  t.  e.  if  the  shaft  of  the 
OS  femoris,  weighing  sixteen  ounces,  and  being  seventeen  inches 
long,  is  hollow  and  one  inch  in  diameter,  it  is  twice  as  strong  as 
if  of  the  same  length  and  weight,  and  condensed  into  a  solid  rod 
half  an  inch  in  diameter.  Thus  we  perceive  the  advantage  result- 
ing from  the  function  of  the  medullary  canal  in  the  long  boned ; 
▼is^  to  increase  the  strength  of  the  bone,  the  amount  of  material  in 
it  being  given.  Every  blade  of  grass,  indeed,  is  constructed  on  the 
same  principle.  This  arrangement  is  also  apparently  more  conso- 
nant with  the  power  of  rapid  repair  after  fracture  in  the  long  bones; 
in  which  fractures  must  necessarily  be  most  frequent.  Finally,  the 
existence  of  the  cavity  necessitates  the  presence  of  a  substance  to 
fill  it,  which  is  accomplished  by  the  marrow,  as  above  explained 
(p.  841). 

4.  But  the  long  bones  are  also  for  support,  especially  in  the  lower 
extremities ;  and  in  this  relation  some  interesting  facts  are  ascer- 
tained. The  strength  of  bone  as  a  mere  column  of  support,  its 
weight  and  general  conformation  being  the  same,  varies  inversely 
tvith  the  square  of  its  length;  t.  e.  an  os  femoris  8^  inches  long,  and 
weighing  hi  ounces,  would  be  four  times  as  strong  as  one  twice  as 
long,  but  of  the  same  weight.  Hence  the  short  bones  are  vastly 
stronger  in  proportion,  in  this  respect  Indeed,  we  may  imagine 
the  lower  extremities  of  an  animal  to  become  incapable  of  sustain- 
ing its  weight,  from  a  slight  increase  of  their  length,  while  the  bones 
become  no  heavier.  Hence  only  animals  having  light  bodies  have 
long  extremities;  while  the  very  heavy  have  proportionally  short 
columns  of  support.  Hence,  also,  the  tarsus  and  carpus  of  the 
lower  animals,  as  well  as  man,  consist  of  short  bones.  Moreover, 
the  speed  of  animals  cannot  be  increased  in  proportion  to  size;  the 
skeleton  becoming  at  length  so  heavy  that  much  muscular  force  is 
exhausted  in  merely  sustaining  it. 

6.  Man  has  comparatively  a  long  column  of  support,  especially  so 
far  as  the  os  femoris  is  concerned ;  and  thus  the  power  of  rapid 
locomotion  is  secured.    The  diminution  of  strength  consequent  on 
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its  length  is,  however,  in  part  compensated  by  the  fact  that  the 
peculiar  attachment  of  the  cervix  femoris  converts  this  bone  (as  a 
column  of  support)  into  an  arch;  and  thus  brings  its  elasticity  also 
to  bear  on  its  strength. 

Development  of  the  Bones. 

Most  of  the  bones  are  developed  in  cartilages,  which,  in  the  aggre- 
gate, constitute  the  cartilaginous  skeleton  (p.  316);  the  rest  being 
formed  in  a  soft  blastema.  The  former  are  sometimes  termed /vt- 
mary,  and  the  latter  secondary,  bones. 

The  cartilages  constituting  the  cartilaginous  skeleton  are  deve- 
loped like  other  true  cartilages  (p.  817),  and  grow  in  a  similar  man- 
ner, till  ossification  commences  within  them ;  and  which  extends 
from  within  outwards  till  the  whole  is  converted  into— or,  more 
accurately  speaking,  is  replaced  by — bone. 

The  cartilaginous  skeleton,  and  its  conversion  into  the  various 
bones,  will  first  be  described;  and  then  the  development  of  the 
secondary  bones  (the  fiat  bones  of  the  cranium,  &c.)  will  be  ex- 
plained. 

It  follows  that  the  primary  cartilaginotis  skeleton  is  not  so  complete 
as  the  osseous  skeleton ;  but  it  also  presents  some  portions  which 
either  remain  in  a  cartilaginous  state,  or  are  subsequently  entirely 
removed.  It  consists~-^r«(,  of  a  complete  vertebral  column,  with  as 
many  cartilages  as  there  are  afterwards  osseous  vertebne,  and  with 
intervertebral  ligaments;  secondly ^  cartilaginous  ribs  and  sternum; 
thirdly^  cartilaginous  extremities  with  as  many  pieces  as  there  are 
subsequently  bones,  except  that  the  pelvic  cartilages  are  in  a  single 
mass;  and,  fourthly,  an  incomplete  cartilaginous  cranium.  The  last 
forms  a  continuous  cartilaginous  mass  at  first,  and  corresponds  to 
the  occipital  bone  (except  its  upper  half),  the  sphenoid  (except  the 
external  lamina  of  the  pterygoid  process),  the  mastoid  and  petrous 
portions  of  the  temporal  bone,  the  ethmoid,  the  inferior  turbinated 
bone,  the  hyoid  bone,  and  the  ossicula  audit'&s.  The  cartilaginous 
cranium  also  presents  the  parts  before  alluded  to,  as  either  remain* 
ing  in  a  cartilaginous  state,  or  entirely  disappearing — as  Meckel's 
process,  two  cartilaginous  lamellae  below  the  nasal  bones,  a  narrow 
band  connecting  the  styloid  process  with  the  hyoid  bone ;  another 
extending  from  the  outer  part  of  the  ala  parva  to  the  lamina  crib- 
rosa;  and  a  third  reaching  upwards  and  forwards  from  the  carti- 
laginous mastoid  and  petrous  portions  of  the  temporal  bone. 
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Thus  in  the  cartilaginous  cranium  the  vault  is  entirely  wanting, 
ttod  almost  all  the  lateral  portions,  as  well  as  nearly  all  of  what 
afterwards  becomes  the  facial  bonea  The  parts  not  formed  of  car- 
tilage are,  however,  closed  by  a  fibrous  membrane,  so  that  the  cra- 
nium is  nevertheless  at  this  time  complete.  It  is  also  in  this  mem- 
brane that  the  secondary  bones  are  subsequently  developed. 

The  changes  which  occur  in  the  primordial  cartilaginous  skeleton 
aie,  therefore,  of  three  kinds :  1.  Some  portions  subsequently  dit- 
appear  altogether,  as  already  stated.  2.  Other  portions  undergo 
sabeequent  development  with  the  rest  of  the  skeleton,  constituting 
the  permanent  cartilages  of  the  nose,  joints,  symphyses,  and  syn- 
dhondroses.  8.  The  third  and  greater  part  finally  becomes  ossified, 
forming  all  the  bones  of  the  trunk  and  extremities,  and  a  great  part 
of  those  of  the  cranium.  It  is  this  portion — the  ossifying  cartilages — 
whose  changes  are  to  be  described  here. 

The  general  description  of  the  ossification  of  the  cartilages  is  as 
follows :  At  one  or  more  points  in  their  interior,  calcareous  matter 
begins  to  be  deposited,  simultaneously  with  a  change  in  the  elements 
of  the  cartilage.  The  latter,  in  most  cases,  ceases  to  grow  in  one 
direetion  while  this  change  is  going  on,  and  is  therefore  soon  en- 
tirely converted  into  bone;  while  in  other  directions  its  growth 
ocmtinues,  so  that  a  new  cartilaginous  material  is  ofl^ered  for  the 
progressive  increase  of  the  bone.  When  the  bone  has  attained  to 
Ub  ultimate  length,  the  cartilage  becomes  completely  ossified,  and 
ooaeoo  to  be  developed,  its  perichondrium  now  being  a  periosteum. 
The  diameter  of  the  bone  is,  however,  still  increased  by  the  forma- 
tion of  concentric  lamin»  (the  fundamental  laminsa,  p.  828)  under- 
neath the  periosteum,  from  the  blood-plasma  in  the  periosteal  vessels. 

The  minuie  changes  in  the  ossifying  cartilage  are  next  to  be  de- 

ibed,  and  Kolliker's  view  of  this  difficult  subject  will  be  adopted 

the  most  satisfiEUstory. 

It  should,  however,  be  premised  that  the  cancellated  tissue  alone 
is  developed  fix>m  the  primordial  cartilages^  the  compact  tissue  being 
^rived  from  another  source.  When,  therefore,  the  cartilages  have 
become  ossified,  the  bones  thus  formed  all  consist  entirely  of  cancel- 
lated tissae.  The  following  description,  therefore,  of  the  ossification 
of  the  cartilages  is  the  history  of  the  development  of  the  cancellated 
bone-substancej  wherever  found : — 

L  Before  ossification  actually  commences,  vessels  begin  to  pene- 
trate the  ossifying  cartilagesi     They  appear  from  and  afler  the 
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middle  of  foetal  life,  preceding  by  a  longer  or  shorter  time  the  ap- 
pearance of  the  centres  of  ossification,  and  accompanying  the  latter 
as  they  increase.  They  may  still  be  seen  in  the  epiphyses  of  the 
long  bones  in  a  person  even  eighteen  years  old.  They  always  lie 
in  wide  canals  (9(9  to  ^Jg  of  an  inch  even  in  a  foetus  of  five  months) 
excavated  in  the  cartilage,  and  bounded  by  narrow,  elongated  car- 
tilage-cells. They  enter  the  cartilage  from  the  perichondrium  at 
first,  and,  after  an  osseous  centre  exists,  from  the  border  of  the 
latter  also ;  proceeding  in  straight  lines  in  various  directions,  and 
giving  off  a  few  branches,  which  seem  not  to  anastomose  at  all,  bat 
to  terminate  in  blind,  club-shaped  dilatations.  These  canals  are 
produced  by  an  absorption  of  the  elements  of  the  original  cartilage- 
substance,  and  they  originally  contain  a  plastic  material  (cartilage- 
marrow)  composed  of  minute  rounded  cells,  from  which  true  blood- 
vessels are  developed.  Of  the  vessels  themselves,  sometimes  but 
one  large  one ;  frequently  two,  distinctly  arterial,  with  muscular 
walls ;  again,  only  capillaries  in  various  numbers — are  found  in  a 
single  canaL  It  is  not  precisely  understood  how  the  circulation  is 
carried  on  by  them.  Their  object  is,  doubtless,  to  afford  a  greater 
amount  of  nutritive  material,  both  for  the  changes  in  the  cartilage 
preparatory  to  ossification,  and  for  the  development  of  the  bone 
itself.  That  they  are  merely  an  accidental  production,  as  H.  Meyer 
maintains,  is  highly  improbable. 

II.  Together  with  the  formation  of  vessels  in  the  cartilages,  the 
elements  of  the  latter  undergo  important  changes.  The  cartilage- 
cavities,  before  of  small  size,  and  containing  but  few  cells,  begin  to 
grow,  and  successive  generations  of  cells  to  be  produced  in  them  in 
the  following  manner:  Each  cell  is  first  divided  into  two  by  seg- 
mentation transverse  to  the  line  of  ossific  advance ;  these  are  again 
subdivided,  and  the  process  repeated  till  long  lines  of  cartilage-cells 
extend  in  the  elongated  cartilage-cavities  from  the  border  where 
ossification  has  taken  place.'  The  size  of  the  cavities,  however, 
does  not  increase  after  birth.  When  the  ossification  of  the  cartilage 
proceeds  in  one  direction  only,  they  are  grouped  in  rows  at  the 
border  of  the  cartilage,  in  which  the  long  cavities  are  being  de- 
veloped. This  is  best  seen  in  the  extremities  of  the  shafts  of  the 
larger  long  bones ;  the  rows  of  cavities  being  arranged  in  parallel 
lines,  close  together,  and  of  considerable  length,  as  shown  by  Fig.  226. 

• 
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Where,  however,  the  ossification  ex- 
tends in  all  directions  from  a  centre, 
the  cartilage-cavities  are  confusedly 
grouped  in  roundish  or  oval,  irregular 
little  masses,  as  in  the  short  bones,  and 
the  epiphyses  of  the  long  bones.  In 
both  these  cases,  however,  the  cavities 
cnntaiaing  the  cells  (the  latter  being 
in  a  single  or  double  linear  aeries,  or 
in  a  more  globular  mass),  are  the  elon- 
gated original  cartilage-cavities.  Tbe 
thickness  of  the  layer  around  and  be- 
yond the  bone,  which  presents  the  ar- 
rangement of  cells  just  described,  varies 
in  the  different  cartilages;  being  ^  to 
^j  of  an  inch  in  the  shafts  of  the  long 
bones,  and  very  thin  around  the  os- 
seous centres,  in  the  epiphyses,  and  in 
the  short  bones.  It  is  always  yellowish, 
streaky,  transparent,  and  apparently 
fibrous;  while  the  surrounding  cartilage 
ia,  as  usual,  bluish-white,  with  a  hya- 
line or  granular  intercellular  substance. 

III.  The  preparations  for  ossification 
being  completed  by  the  development 
of  the  vessels  and  the  arrangement  of 
the  cartilage- cells  just  described,  the 
osseous  tissue  now  begins  to  appear. 
And  as  true  cancellated  bone-substance  consists  originally  of  only 
tbe  lacunce  and  pores  and  the  surrounding  true  osseous  tissue,  and 
the  cancelli  (with  their  marrow  and  its  veasels),  we  have  to  inquire 
how  these  are  developed  respectively. 

1.  The  true  osseous  tissue  is  usually  developed  before  tbe  lacuntti 
and  pores  are  formed;  and  ita  formation  occurs  mainly  in  the  inter- 
cellular substance  of  the  cartilage,  its  cells  still  remaining  unchanged. 
The  first  apparent  change  in  this  is  the  deposit  of  very  fine  granules 
of  the  earthy  constituents  of  bones,  varying  in  size  from  an  im- 
measurable minuteness  up  to  Tsiao  to  ih'bis  of  an  inch  in  diameter. 
When  the  cells  are  disposed  iu  rows  at  the  ossifying  border,  this 
disposition  of  earthy  matter  always  forms  columns   between  the 
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rows  of  cartilage- cells,  forming  pointed  tooth-like  proceasea  betwoen 
the  individual  cells,  and  surrounding  the  lower  portion  of  the  rowa 
like  short  tubes.  (Fig.  226.)  If,  howeyer, 
this  granular  deposit  be  traced  back  from 
the  ossifying  margin  into  the  substance  of 
the  new  bone,  it  gradually  becomes  clearer, 
more  homogeneous  and  transparent,  and 
ultimately  acquires  the  aspect  of  perfect 
bono ;  the  earthy  granules  apparently  be- 
coming gradually  fused  together,  and  ilius 
disappearing  as  isolated  distinguishable 
particles.  And  thus  the  true  osseous  tissue 
is  developed  (though  not  entirely,  as  will 
appear),  in  the  matrix  ur  inlercetlular  sub- 
stanco  of  the  ossifying  cartilage.  (Fig,  225.) 
2.  But  while  the  intercellular  substance 
thus  gives  place  to  true  bony  tissue,  the 
cartilage-cells  also  are  being  converted  into 
the  future  lacunie  and  pores  of  the  bones. 
And  it  may  now  be  regarded  as  established 
tTil^o'ipIeni  h^'orThB  by  Kolliker'a  investigationa,  that  each  car- 
iiiof  thsfemnr;  Id  .n  in-   tilage-ccll  bccomcs  Converted  into  a  ainifle 

■ottDlghl  old.    a  cmi^-  °  6 

rtiis<idiBiDn«itndiuirii«  lacuna  and  its  pores  as  follows,  except 
i'«u"*the^i^n*  mills'  "^^^  scveral  are  fused  together  into  a  com- 
ig  th«  buii.  of  ihe  piiB..  pound  lacuna:  1.  The  cartilage-cells  be- 
" d'^wiuied tirocion  wme  filled  with  concentric  layers  of  oase- 
.•biuiiiiiunorp«rn  ous  tlssuc,  the  external  one  being  formed 
first,  and  the  last  or  internal  layers  show- 
ing imperfections  or  indentations.  This 
proceeds  till  the  cartilage-cell  is  more  or  less  completely  filled  with 
the  osseous  matter,  though  a  cavity  always  remains  (the  future  la- 
cuna), containing  generally  the  nucleus  of  the  original  cartilage- 
cell,  and  a  fluid  plasma.  2.  Minute  canals  (the  pores)  are  next 
formed  by  actual  absorption*  of  the  bone-substance;  and  thus  are 
completely  perforated  by  them,  both  the  osseous  tissue  deposited 
within  the  cartilage-cells,  and  that  previously  found  in  the  intercel- 
lular substance  of  the  cartilage.  S.  Finally,  the  osseous  tissue  within 
the  cells  becomes  fused  with  that  preformed  between  them,  so  ^ 


u  cuHlli  flUxl  with 
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no  distinct  walls  of  the  lacunsd  can  be  recognized  (p.  824) ;  and  thus 
the  formation  of  the  whole  of  the  true  osseous  tissue  is  accounted 
for,  together  with  the  lacunas  and  pores. 

8.  The  oancelli  are  developed  by  absorption  of  more  or  less  per- 
fectly formed  bone-substance.  During  the  ossification  of  the  shafts 
of  the  long  bones,  the  osseous  tissue,  to  the  thickness  of  ^V  ^  Vb 
of  an  inch,  is  compact,  and  without  a  trace  of  larger  cavities ;  being 
composed  partly  of  the  ossified  intercellular  substance  of  the  carti- 
lage, and  partly  of  the  cells  of  the  latter,  more  or  less  advanced  in 
their  transformation  into  lacunae  and  pores.  But  beyond  this  depth, 
cavities  at  first  small,  and,  more  internally,  larger,  are  seen,  which 
appear  to  be  eaten  out  of  the  bone,  and  involve  both  the  osseous 
tissue,  the  lacunae,  and  pores,  and  the  still  unossified  portion  of  the 
cartilage.    How  this  absorption  takes  place  is  also  unknown. 

Thus  it  appears  that  while  the  formation  of  bone  progresses  in 
one  direction,  an  active  resorption  of  a  part  of  the  bone  thus  formed 
follows.  The  cancelli  thus  formed  are  of  different  form,  size,  and 
direction,  in  different  bones. 

As  the  medullary  cavities  or  cancelli  become  developed,  they  are 
olao  filled  with  a  soft  reddish  substance — the  foetal  medulla — con- 
sisting at  first  of  merely  a  small  quantity  of  fluid  and  many  rounded 
cells  containing  one  or  two  nuclei,  and  faintly  granular  contents. 
Subsequently,  however,  these  cells  become  identical  with  those 
already  described  as  occurring  in  certain  bones  in  the  adult  (p.  840); 
and  are  developed  in  the  usual  way  into  areolar  tissue,  bloodvessels, 
fiit-cells,  and  nerves — or  the  true  marrow  of  the  bones  (p.  840). 
The  vessels  are  formed  Yery  rapidly,  and  the  fat,  and  then  the  nerves, 
afterwards;  so  that  vessels  appear  in  the  cancelli  very  soon  after 
the  formation  of  the  latter.  The  fat  cells  are  few  even  at  birth,  and 
the  nerve  filaments  much  fewer  than  subsequently ;  the  medulla 
being  now  colored  entirely  red  by  the  blood,  and  the  light-reddish 
meduUa-oells.  These  vessels  extend  into  the  cancelli  from  the  car- 
tilage vessels  already  described  (p.  852). 

Thus  the  bone-substance  formed  from  cartilage  alone,  is  merely 
eancellaled.  Hence  the  shafts  as  well  as  the  epiphyses  of  the  long 
bones,  at  first  contain  only  cancellated  or  spongy  tissue;  the  com- 
pact bone-substance  being  subsequently  superadded  from  another 
source,  as  next  to  be  described. 
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Development  of  the  Compact  BoneSuhstance. 

This  is  developed  from  a  layer  of  plasma,  underneath  and  afforded 
by  the  vessels  of  the  pei^teum.  In  the  foetus  of  five  months,  this 
layer  is  so  firm  as  to  be  detached  with  the  fully  formed  periosteum, 
forming  upon  the  latter  a  moderately  thick,  soft,  whitish-yellow 
lamella  v^rj  much  resembling  immature  collagenous  (white  fibrous) 
tissue,  and  containing  granular,  oval,  or  round  nucleated  cells, 
37jVv  ^  T^Tj  of  an  inch  in  diameter.  This  lamella  is  very  exten- 
sively connected  with  the  superficial  layer  of  the  bone,  and  on  being 
detached,  a  few  little  fragments  of  bone  and  scattered  masses  of 
reddish  soft  medulla  from  the  most  superficial  cancelli,  Mrill  be  seen 
on  the  inner  surface. 

The  cells  just  mentioned  appear  exactly  like  the  foetal  medulla- 
cells,  but  not  at  all  like  those  of  cartilage.  And  it  appears  that  the 
collagenous  matrix  is  next  ossified  by  the  simple  uniform  deposit 
of  the  calcareous  salts,  though  without  the  previous  appearance  of 
calcareous  granules  as  before  described  (p.  354);  while  from  the 
cells  the  lacunae  and  pores  are  developed. 

Bone  formed  in  this  way,  however,  does  not  constitute  connected 
and  parallel  layers,  but  interrupted  reticular  lamellae,  and  the  spaces 
left  between  the  latter  ij\js  to  yi^y  of  an  inch  in  diameter,  are  the 
rudiments  of  the  Haversian  canals  of  the  compact  bone-substance. 
These  spaces  at  first  contain  only  the  unossified  portion  of  the 
plasma  just  described.  But  vessels  communicating  with  those  of  the 
interior  of  the  bone  (of  the  cancelli),  and  with  those  of  the  perios- 
teum, soon  appear  in  them;  as  well  as  the  usual  light-reddish  me- 
dulla-cells, and  certain  peculiar  cellular  corpuscles,  with  from  three 
to  twelve  or  more  vesicular  nuclei  and  nucleoli,  which  are  probably 
referable  to  the  multiplication  of  the  latter.  The  vessels  just  men- 
tioned are  the  future  Haversian  vessels;  and  finally  the  Haversian 
rods  consisting  of  the  concentric  (or  spiral)  lamellae,  with  their 
lacunae  and  pores,  are  developed  around  the  vessels — the  outer  la- 
mellae first;  and  thus  the  development  of  the  compact  bone-sub- 
stance is  completed.  The  manner  in  which  the  interrupted  laminae 
are  formed,  and  which  are  now  seen  to  constitute  the  interstitial  (or 
inter-Haversian)  bone-substance  (p.  330),  is  shown  by  Fig.  227.  A 
vertical  section  of  the  sub-periosteal  layer  of  developing  osseous 
tissue  is  shown  by  Fig.  228. 

The  compact  tissue  continues  to  be  formed,  as  just  described. 
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anlil  the  bone  attains  to  nearly  its  full  development,  when  the 
general  (fiindamental)  laDiinie  {p.  328)  are  formed  externally  to  the 
Haversian  rods  from  a  plasma  afforded  by  the  vesaela  of  the  peri- 


Fig.  227. 


Fig.  328. 
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usteum,  to  constitute  lite  structure  represented  by  Fig.  217.  And  by 
these  the  tbickneas  of  the  bone  is  increased.  But,  white  this  change 
is  going  on  in  the  outer  portions  of  the  abaft  of  the  long  bones, 
another  is  occurring  in  its  interior;  -viz.,  the  whole  original  shaft  of 
cancellated  bone-substance,  formed  from  the  cartilage,  becomes  by 
degrees  absorbed,  and  thus  the  medullary  canal  is  formed.  The 
extremities,  however,  of  tlje  long  bones  being  formed  entirely  from 
the  original  cartilages — the  latter  coDatantly  growing  and  becoming 
ossified,  while  the  bone  is  increasing  in  size — are  not  absorbed  in- 
ternally; but,  like  the  short  bones  (which  also  are  not  formed  from 
a  collagenous  matrix  derived  from  the  periosteal  vessels),  continue 
to  retain  the  cancellated  structure  through  life.  It  is,  however,  suf-. 
ficieniJy  obvious  that  the  medullary  canal  is  formed,  not  at  the  ex- 
pense merely  of  the  cancellated  substance  in  the  shaft  of  the  foetal 
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bones;  but  that  it  also  implies  an  absorption  of  a  considerable  por- 
tion of  the  compact  tissue  at  first  formed.  In  fact,  while,  daring 
the  growth  of  the  bones  new  osseous  tissue  is  constantly  deposited 
externally,  that  also  which  is  already  formed  is  as  constantly  ab- 
sorbed in  its  interior.  So  that  during  its  growth  each  bone  is  seve- 
ral times  regenerated ;  and  the  humerus,  for  instance,  of  the  adult, 
does  not  contain  an  atom  of  the  osseous  tissue  existing  in  it  at 
birth. 

The  fact,  however,  that  a  thin  layer  of  compact  bone-substance  is 
formed  by  the  periosteum  on  the  exterior  of  the  short  bones  also, 
has  been  stated.  Absorption  and  regeneration  of  the  cancellated 
structure  occurs  also  in  the  short  as  well  as  in  the  long  bones;  but 
far  more  slowly.  Hence  in  them  (e.  g,  the  vertebrae)  we  find  more 
or  less  still  remaining,  of  the  earlier  bone-structure.  It  should  also 
be  added  that  some  of  the  Haversian  vessels  being  enlarged,  con- 
stitute the  vasa  ntUritia  of  the  interior  of  the  long  bones.  And 
finally,  when  the  long  bones  attain  to  their  full  length,  the  osseous 
tissue  of  the  diaphysis  and  of  the  epiphyses  becomes  completely 
fused  together,  the  disk  of  cartilage  which  hitherto  intervened,  now 
disappearing  entirely ;  and  the  vessels  originally  distributed  sepa 
rately  to  the  shaft  and  the  extremities,  at  last  forming  anastomoses, 
though  not  very  numerous,  through  the  last  formed  portion  of  the 
bones.  If  the  question  occurs  how  bone  is  developed  externally  at 
points  covered  directly  by  tendons  and  ligaments,  without  the  inter- 
vention of  periosteum  (p.  346),  it  may  be  suggested  that  these  also 
must  and  do  increase  in  size,  and  are  also  constituted  of  the  colla- 
genous tissue,  like  the  blastema  afforded  by  the  periosteum.  At 
any  rate,  interstitial  changes  must  be  occurring  in  the  ligaments 
and  tendons  till  they  attain  to  their  full  development;  simulta- 
neously with  which,  similar  changes  must  occur  in  the  surface  and 
the  size  of  the  bones  to  which  they  are  attached.  It  is  only  by 
admitting  interstitial  changes  in  bone,  moreover,  that  we  can  account 
for  the  increase  in  size  of  their  foiramina,  and  in  the  length  of  the 
lamina3  of  the  vertebrse,  &c. 

Development  of  the  Secondary  Bones. 

Bones  not  previously  cartilaginous  occur  in  man,  only  in  the 
roof  of  the  cranium  and  the  face.  They  are  called  secondary^  be- 
cause their  development  does  not  commence  till  after  that  of  the 
primordial  or  cartilaginous  cranium  (p.  850).    This  class  includes 
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the  upper  half  of  the  expanded  portion  of  the  occipital  bone,  the 
parietal  and  frontal  bones,  the  squamous  portion  and  tympanic  ring 
of  the  temporal,  all  the  bones  of  the  face,  except  the  inferior  tur- 
binated bones;  and  apparently  the  internal  lamella  of  the  pterygoid 
process  of  the  sphenoid  bone.  It  will,  however,  appear  that  these 
bones  are  developed  in  precisely  the  same  manner  as  the  periosteal 
layers,  or  compact  tissue  of  the  other  bones. 

The  secondary  bones  of  the  cranium  all  commence  in  a  mem- 
braniform  blastema  lying  between  the  dura  mater  and  the  integu- 
ments, whose  growth  advances  with  the  development  of  the  osseous 
tissue  within  it.  The  latter  commencing  in  a  single  point,  radiates 
in  all  directions  and  thus  forms  a  delicate  lamina  of  reticulated 
osseous  spiculsd,  giving  off  slender  rays  into  the  still  unossified 
blastema.  Minute  examination  shows  that  the  spiculas  are  formed 
by  the  ossification  of  the  elements  of  the  blastema,  though  to  a 
certain  extent  the  latter  is  absorbed  to  give  place  to  them,  while  it 
still  fills  the  interstices  between  them ;  and  that  the  formation  of  the 
bone-tissue  proceeds  exactly  in  the  same  way  as  in  the  periosteal 
layer  of  the  primary  bones.  {KblUker,)  At  first,  the  growth  pro- 
ceeds in  a  superficial  plane  only,  the  rays  forming  a  network  as  they 
come  into  contact  with  each  other,  as  shown  in  Fig.  229.  Addi- 
tional layers  are,  however,  soon  added  to  both  surfaces  of  the  ori- 
ginal one,  and  thus  the  structure  becomes  thicker,  and  at  the  same 
time  also  more  compact.  The  thickening  layers  are,  however,  re- 
ferable to  the  periosteum  which  is  found  on  the  secondary  bones 
soon  after  their  development  has  begun ;  so  that  in  £Eict  only  the 
primary  layer  presents  any  apparent  peculiarity  in  development. 
The  bone  increases  in  extent  by  the  formation  of  new  blastema  in 
contact  with  that  just  about  to  be  ossified,  until  it  has  attained  to 
its  full  size;  and  it  is  constantly  increasing  in  thickness  by  the  ad- 
dition of  the  periosteal  layers  as  just  explained.  Interstitial  changes 
are  also  at  the  same  time  going  on,  and  the  final  result  is,  the  for- 
mation of  the  bones  with  their  compact  layers  and  Haversian  canals; 
and  their  cancelli  internally,  constituting,  in  case  of  the  cranial 
bones,  the  diploe.  The  cells  in  the  blastema  never  resemble  carti- 
lage-cells, except  those  at  the  edges  of  the  newly  formed  bone.  But 
KoUiker  doubts  if  even  these  be  true  cartilage-cells.  It  has  already 
bq^n  seen  that  it  is  not  true  cartilage  which  connects  the  cranial 
bones  together  in  the  adult,  but  collagenous  tissue  instead  (p.  347). 
There  is  usually  but  one  centre  of  ossification  for  each  of  the  se- 
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condary  cranial  bones;  or  for  each  lialf,  when  one  is  sycnmetrio 
The  spaces  ls&.  between  tbem  at  birtb,  from  tbe  fact  that  their  angles 


are  still  undeveloped,  are  termed  ihe/ontanelles;  and  tbis  condition 
allows  an  overlapping  of  tbe  bones  of  the  vault  of  tbe  cranium,  by 
which  parturition  is  very  much  facilitated. 

The  secondary  bones  are  more  vascular  while  growing  than  after- 
wards; more  so  even  than  the  periosteal  layer  of  the  other  bones; 
many  of  tbe  vascular  canals  afterwards  becoming  much  contracted, 
or  even  obliterated. 

For  the  facts  in  regard  to  tbe  precise  period  when  each  bone  is 
developed  in  the  fojtus,  the  works  on  anatomy  are  referred  to;  the 
law  being  that  tlie  boties,  and  even  the  parts  of  hones,  first  needed  in  iht 
akelelon  are  first  developed.  , 

Jiemarks. — 1.  In  regard  to  the  amount  of  osseous  tissue  developed 
in  a  given  time  in  a  young  animal,  the  following  facts  may  he 
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noted.  Boussingault  determined  from  his  experiments  that  the 
skeleton  of  a  pig  increases  daily  during  the  first  eight  months  after 
birth,  about  2.9  drachms  in  weight  (average) ;  amounting  to  a  for- 
mation of  about  1.55  drachm  daily  of  osteine,  and  1.85  drachm  of 
earthy  matter,  including  .6  drachm  of  phosphoric  acid.  Subse- 
quently to  the  eleventh  month,  the  daily  increase  in  weight  averages 
but  1.6  drachm  daily ;  there  being  only  about  .65  drachm  of  earthy 
matter,  including  .85  drachm  of  phosphoric  acid. 

2.  Much  discussion  has  arisen  on  the  question  whether  bone  is 
always  developed  from  cartilage — those  who  maintain  the  affirma- 
tive asserting  that  the  blastema  in  which  the  periosteal  layers  of 
the  primary  bones,  and  the  whole  of  the  secondary  bones  are  deve-  • 
loped,  is  also  cartilage,  but  in  its  rudimentary  stage  of  development. 
It  has  already  been  seen  that  the  cartilage-cells  cannot  at  first  be 
distinguished  from  the  primordial  cells  of  other  tissues.  So  far  as 
this  fact  is  considered,  therefore,  it  is  as  valid  a  proof  of  the  assump- 
tion that  the  blastema  is  a  rudimentary  collagenous,  as  that  it  is  a 
rudimentary  cartilaginous  tissue.  The  &ct,  however,  that  the  inter- 
sutural  substance  contains  no  chondrine  and  never  becomes  cartilage, 
though  remaining  till  late  in  life,  and  finally  ossifies,  especially  in- 
ternally, without  going  through  that  change;  it  being,  on  the  other 
hand,  white-fibrous  tissue  (the  sutural  ligament,  p.  847) — militates 
against  the  idea  that  the  secondary  bones  are  developed  from  carti- 
lage. Moreover,  KoUiker  appears  to  be  correct  in  the  assertion 
that  the  periosteal  layers  of  Uie  primary  bones  are  developed  in 
precisely  the  same  manner.  We,  therefore,  believe  with  him — 
against  Meyer  and  many  other  histologists — that  while  the  cancel- 
lated substance  of  the  primary  bones  is  developed  in  cartilage,  the 
secondary  bones,  as  well  as  the  periosteal  layers  of  the  primary,  are 
developed  in  a  matrix  homologous  with  white  fibrous  tissue. 

Indeed,  if  we  trace  the  development  of  the  skeleton  through  the 
animal  series,  we  find,  1,  that  in  all  vertebrated  animals  those  parts 
of  it  requiring  some  degree  of  firmness  during  the  early  periods  of 
development,  consist  of  cartilage;  while  the  rest  is  developed  firom 
a  softer  substance.  The  cartilaginous  portion  will  constitute  more 
or  less  of  the  whole  future  skeleton,  according  to  the  habits,  &c.,  of 
the  animal ;  e.  g.  the  cranium  of  the  pig  is  more  exclusively  carti- 
laginous than  the  human  cranium.  2.  In  some  of  the  lowest  ver- 
tebrata  (cartilaginous  fishes),  the  skeleton  remains  in  the  cartilagin- 
ous state  through  life.    8.  In  all  the  land  vertebrata,  however,  a 
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firmer  skeleton  is  required,  and  the  greater  part  of  the  cartilaginotu 
skeleton  therefore  becomes  replaced  by  bone;  while  equally  firm 
bones  are  at  the  same  time  developed  from  the  softer  blastema  be- 
fore described.  Thus  there  appears  to  be  no  necessity  for  cartilage 
as  a  matrix  for  the  development  of  bone,  unless  required  on  account 
of  its  greater  firmness;  and  Meyer's  assumption  that  everything 
in  which  bone  is  formed  is  cartilage^  is  both  a  begging  of  the  ques> 
tion,  and,  at  the  same  time,  incorrect. 

8.  The  manner  of  development  of  bone  is,  however,  essentially  the 
same,  whether  cartilage  or  a  soft  blastema  be  the  matrix.  In  both 
cases  it  is  developed  as  an  entirely  new  tissue,  and  the  pre-existing 
tissue  disappears  and  gives  place  to  it.  It  has  been  seen  that  the 
true  osseous  tissue  is  first  "developed  in  the  intercellular  substance  of 
the  cartilages,  and  finally  the  whole  of  it  appears  to  be  converted 
into  bone.  There  are,  however,  no  facts  indicating  that  chondrine 
can  be  converted  into  glutin,  or  cartilageine  into  osteine  (p.  100)l 
This  element  of  the  cartilage  is  therefore  merely  replaced  by  the 
osseous  tissue.  On  the  other  hand,  it  has  been  seen  that  the  carti- 
luge-cavities  remain  for  a  time,  increasing  in  size  and  changing  their 
forms;  but  the  cartilage-ceZ/«  within  them,  after  increasing  iji  num- 
ber, disappear  (except  probably  their  nuclei),  the  lacunae  (and  pores) 
taking  their  place  in  part  (p.  854,  2). 

Again,  while  the  secondary  bones  are  forming  in  the  membranous 
expansion  of  collagenous  tissue,  the  latter  disappears,  being  replaced 
by  them  (p.  359).  It  is  apparently  only  the  soft  and  still  unorgan- 
ized blastema  in  contact  with  the  collagenous  tissue  that  can  be 
converted  directly  into  osseous  tissue.  And  the  probable  reason 
why  the  latter  is  transparent  when  first  formed  in  the  case  of  the 
periosteal  layers,  is,  that  perfect  osseous  tissue  is  at  once  formed; 
while,  when  formed  in  cartilage,  the  earthy  matter  only  is  first  de- 
posited, and  the  osteine  is  subsequently  formed  and  combined 
with  it. 

In  both  cases,  therefore,  tha  cartilage  and  the  collagenous  tissue 
respectively  are  merely  the  matrix  in  which  the  bone  is  formed,  and 
which  disappears  progressively  with  the  formation  of  the  latter. 
Nor  can  the  idea  that  the  same  modified  plasma  may  be  developed 
into  the  collagenous  tissue  on  the  one  hand,  and  the  osseous  on  the 
other,  be  deemed  singular.  Both  contain  the  same  organic  imme- 
diate principle  (osteine) ;  and  the  latter  differs  from  the  former  more 
especially  in  containing  a  greater  amount  of  mineral  constituents. 
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Growth  of  Bone. 

The  long  bones  increase  in  length  principally  at  the  expense 
of  the  cartilage  intervening  between  the  shaft  and  the  epiphyses; 
this  constantly  growing  in  the  longitudinal  direction,  and  giving 
place  to  bone.  But  the  growth  of  the  short  bones,  and  of  the  long 
ones  in  thickness,  has  been  regarded  as  a  difficult  subject  to  com- 
prehend. The  difficulty  has,  however,  arisen  from  the  erroneous 
assumption  that  the  osseous  tissue,  once  developed,  undergoes  very 
dight,  if  any,  interstitial  changes.  Tomes  and  De  Morgan  have 
ahown  (p.  825)  that  very  active  processes  of  disassimilation  and  re- 
generation occur  in  the  bone-substance.  But,  once  admitting  this 
fact,  there  is  no  more  difficulty  in  understanding  how  a  bone  than 
how  a  muscle  or  any  other  organ  increases  in  size,  whether  in  all 
or  only  in  particular  directions. 

Much  stress  has  been  put  upon  experiments  with  madder  upon 
young  animals,  in  connection  with  this  question.^  This  coloring 
matter  has  a  strong  affinity  for  the  phosphate  of  lime  in  the  bones, 
and  hence,  when  given  in  the  food,  imparts  to  them  a  pink  color; 
and  it  was  assumed  that  it  combines  with  only  the  osseous  tissue 
which  is  formed  while  the  madder  is  being  taken  by  the  animal. 
It  has,  however,  been  proved  by  Brull^  and  Hugu^ny  that  it  colors 
all  the  osseous  tissue,  even  in  adult  animals,  within  a  certain  dis- 
tance of  the  bloodvessels;  and  that  the  color  remains  in  adult  bones, 
though  it  is  again  removed  in  growing  animals.  Very  little  im- 
portance, therefore,  can  be  attached  to  these  experiments,  except  so 
fiur  as  that,  when  rightly  interpreted,  they  also  show  (contrary  to 
what  had  been  meanwhile  assumed),  that  a  very  active  metamor- 
pbosLs  is  constantly  going  on  in  the  osseous  tissue,  at  least  till  the 
08seous  system  has  attained  to  its  full  development. 

Reparation  of  Bone. 

Osseous  tissue  is  more  perfectly  regenerated  than  any  other  tissue 
whatever.  This  fact  may  be  associated  with  another — viz.,  that  no 
other  tissue  can,  in  case  of  the  long  bones  especially,  at  all  supply 
the  place  of  the  true  osseous  tissue ;  so  that  nothing  less  than  a 
complete  regeneration  of  the  original  tissue  is  compatible  with  the 
continued  function  of  the  injured  bone. 

'  In  Yerj  joong  animals  a  single  day  serres  to  color  the  entire  substance  of  the 
bones. 
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This  proposition  is  illustrated  in  caries,  where  there  is  merely  a 
loss  of  bone-substance,  and  in  solutions  of  continuity,  or  fractures; 
the  repair  in  both  cases  taking  place  bj  the  formation  of  true 
osseous  tissue.  In  the  former  case,  the  new  bone  is  formed  from  a 
blastema  poured  out  by  the  periosteum  of  the  bone;  but  repair 
after  fracture  demands  a  more  particular  description. 

In  most  cases  of  fracture  of  the  long  bones  of  the  lower  animals, 
and  in  those  occurring  in  man  which  are,  for  any  reason,  with  diffi- 
culty kept  in  apposition  during  treatment,  the  formation  of  the  new 
osseous  tissue  is  preceded  by  that  of  cartilage;  and  in  which  the 
osseous  tissue  is  subsequently  developed,  as  are  the  primary  bones 
at  first  (pp.  351 — 8).  This  cartilage  has  been  incorrectly  termed  the 
provisional  callus^  and  has  been  said  by  many  writers  to  be  always 
necessary  for  repair  after  fracture.  Mr.  Paget  has,  however,  shown 
that  this  is  not  the  fact;  and  that  where  the  fractured  extremities 
of  the  bones  are  kept  in  accurate  apposition,  and  at  rest,  it  is  not 
formed  at  all  in  man ;  but  the  new  bone  is  developed  directly  from 
a  blastema,  in  the  exudation  of  which  the  periosteum  doubtlea 
performs  the  most  important  part  Indeed,  all  unbiased  observea 
must  have  been  unable  to  perceive  any  trace  of  provisional  callos 
during  recovery  from  the  most  favorable  cases  of  fracture  of  the 
radius  and  of  the  tibia,  where  it  may  be  felt  whenever  it  actoally 
exists. 

In  fracture  of  the  shaft  of  the  long  bones,  the  newly-formed  bone 
at  first  entirely  closes  up  the  medullary  canal ;  thus  forming  a  plog 
entering  and  connecting  the  fractured  extremities.*  But  when  this 
becomes  more  consolidated  and  sufficiently  strong,  the  central  po^ 
tions  are  reabsorbed,  and  the  medullary  canal  again  extends  throogl 
the  shaft  of  the  bone  as  before.  It  usually  requires  two  years  or 
more  to  accomplish  this  object;  after  which  the  new  bone-tisBoe sk 
the  point  of  fracture  is  as  perfect  as  that  of  any  other  part  of  Hit 
bone,  though  some  sign  of  the  injury  probably  always  remains. 

In  some  cases,  however,  fractures  do  not  unite  by  the  xeprodo^ 
tion  of  bone ;  but  the  fractured  extremities  are  united  merelj  Vy 
cartilaginous  tissue  (or  ligament),  and  then  a  sort  of  articnlaxion  is 
found  at  the  point  of  fracture.  This  is  the  case  ^mp^  invanaUj 
in  fractures  of  the  neck  of  the  thigh-bone  within  the  ft^pgcl*?  liga- 

'  It  is  this  which  Dapavtren,  who  first  used  the  term.  de»cxiai«d  u  ikf  j 
ciaaa/  callus. 
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ment|  firacture  of  tbe  olecranon  process,  and  that  of  the  patella.  It 
is  also  common  in  fracture  of  the  spongy  bones,  and  may  occur  in 
fracture  of  any  bone  under  unfavorable  circumstances ;  of  which  a 
want  of  rest  at  the  point  of  fracture  is  the  most  common,  though 
by  no  means  the  only  one.  In  some  cases  a  want  of  plasma  or  of 
plasticity  in  it,  is  the  cause  of  non-union  by  bone. 

The  question  whether  the  plasma  from  which  the  new  osseous 
tissue  is  developed  is  exuded  by  the  periosteum  alone,  or  by  the 
other  soft  parts  also,  is  not  so  important  as  some  authors  seem  to 
have  held.  Obviously  it  can  make  no  difference  whether  it  be 
poured  out  by  the  vessels  of  the  periosteum  alone  (as  it  certainly  is 
in  part),  or  not.  Whencesoever  derived,  however,  it  can  be  organ- 
ised into  bone  only  while  in  contact  with  either  bone  or  periosteum; 
and  hence  the  importance  of  leaving  all  the  spiculae  of  bone  in 
place,  in  cases  of  comminuted  fracture,  as  centres  of  ossification  for 
repairing  the  injury — provided  they  are  not  so  detached  as  to  cause 
irritation  as  foreign  bodies. 

Finally,  cases  occur  in  which  entire  bones  have  been  reproduced 
after  removal,  provided  the  periosteum  had  been  preserved.  This 
has  occurred  with  the  lower  jaw-bone,  the  ribs,  the  scapulaa,  and  the 
clavicle  in  a  case  known  to  the  author.  A  rudiment  of  bone  has 
sometimes  been  reproduced  in  the  lower  animals,  when  the  whole 
periosteum,  as  well  as  the  bone,  had  been  excised.  {Heine) 

Pathological  Conditions  and  New  Formations  of  Bone. 

The  changes  in  the  chemical  composition  of  bone  in  its  various 
pathological  states  have  already  been  noticed  on  pages  881 — 5. 

I.  Hypertrophy  of  bone  assumes  various  forms,  which  may,  how- 
ever, be  reduced  to  two  classes:  (1),  external  deposits  (hyperostoses), 
formed  chiefly  from  the  periosteum ;  and  (2),  internal  deposits,  or 
sclerosis. 

1.  In  regard  to  the  hyperostoses  (exostoses  and  osteophytes), 
Virchow  shows  that  those  of  the  cranium  are  formed  directly  from 
white  fibrous  tissue,  without  the  intervention  of  cartilage.  Some- 
times the  new  bone-structure  is  perfectly  normal ;  sometimes  not  so. 
They  appear  from  periostitis,  and  in  arthritis,  syphilis,  &c. 

2.  In  sclerosis  (osteosclerosis),  the  substance  of  the  bone  is  more 
dense  and  harder  than  usual,  and  the  term  ebumation  has  been*  here 
applied.  Here  the  Haversian  rods  are  increased  at  the  expense  of 
the  cancclli  and  the  medullary  canaL  The  lacuna  also  appear  to 
contain  calcareous  salts,  and  are  more  opaque  than  usual. 

II.  Atrophy  of  bone  manifests  itself  in  old  age  (senile  atrophy  of 
the  bones),  and  a  similar  condition  may  occur  in  tuberculosis,  sy- 
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philis,  gout,  rickets,  &c.;  or  from  the  presence  of  aDeurism,  abscesses, 
sometimes  from  tumors,  osteophytes,  &c.  The  latter  produce  their 
effect  by  cutting  off  the  supply  of  blood  to  the  bone,  from  compres- 
sion of  its  nutrient  vessels. 

If  the  circulation  through  the  vessels  of  the  medulla  be  inter- 
rupted, a  brownish-yellow  pigment  is  formed  in  the  medullary 
canal,  in  the  areolar  tissue  of  the  marrow.  This  is  most  commoD 
in  old  persons. 

If  the  circulation  through  the  periosteum  be  interrupted,  it  first 
becomes  atrophied  itself,  as  is  inaicated  by  its  shrinking,  or  by  the 
softening  of  its  substance,  together  with  the  loss  of  its  silvery  lus- 
tre, and  its  diminished  adhesion  to  the  bone.  Simultaneously,  also, 
the  bone  becomes  atrophied.  In  some  cases  of  dropsy,  the  bone- 
substance  becomes  lighter,  it  having  undergone  a  partial  resorp- 
tion (as  in  senile  atrophy,  syphilis,  cancerous  cachexia,  paralysis, 
&c.) ;  in  others,  it  may  disappear  entirely  (as  in  chronic  diseasefs 
paralysis,  and  anchylosis). 

III.  Fatty  Degeneration  of  the  Bones  (Osteostearosis)  may  be  re- 
garded as  one  form  of  atrophy.  It  is  most  common  in  old  persons 
afiected  with  apoplexy  or  cancer,  and  is  indicated  by  the  presence 
of  one  or  two,  or  even  of  entire  groups  of  fat  globules  in  the  laca- 
n8d,  and  sometimes  even  in  the  pores.  (Fig.  196.)  In  the  latter 
case  they  are,  however,  isolated,  wide  apart,  and  far  smaller.  The 
bone  has  a  yellowish  color,  and  a  greasy  feel,  and  a  diminished 
transparency  when  examined  in  thin  plates.  It  has  a  greasy,  lique- 
fied medulla,  and  oil  continues  to  exude  in  spite  of  repeated  boiling. 
This  also  constitutes  one  form  of  mollities  ossium,  while  rachitis  is 
another. 

IV.  Death  of  bone  (necrosis),  occurs  sometimes  from  ostitis,  and 
always  where  the  periosteum  has  been  destroyed.  There  the  lacu- 
nas are  but  little  changed;  while  the  true  osseous  tissue  is  granular 
and  of  a  dark  color. 

y.  Peculiar  conditions  exist  in  osteoporosis,  osteomalacia,  and 
rachitis,  and  the  chemical  changes  in  the  last  disease  have  al- 
ready been  specified  (p.  835).  Osteoporosis  consists  in  a  dilata- 
tion of  the  cancelli,  ana  of  the  Haversian  canals.  In  osteopsathyrosis 
the  bone  becomes  extremely  brittle  from  atrophy,  with  resorption 
of  the  lamellae  surrounding  the  Haversian  canals. 

VI.  Cancer  and  tubercle  occur  in  bone,  the  former,  however  (espe- 
cially the  medullary  form),  far  the  most  frequently.  The  latter  is 
believed  by  some  to  constitute  the  true  pathological  condition  of 
the  bone  in  morbus  coxarius.  Here  we  find  invading  the  bone 
substance,  the  cancer-cells,  and  the  tubercle- nuclei  (pp.  159  and  117). 

VII.  Pathological  new-formations  of  bone  (true  ossification),  occur 
in  a  variety  of  parts  and  organs,  especially  in  the  periosteum  and 
dura  mater,  and  in  tendons  and  li^ments.  Indeed,  the  possibility 
must  be  admitted  that  true  bone,  distinguished  by  lacunae  and  pores, 
may  be  developed  in  any  part  or  organ  consisting  previously  of 
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cartilage,  or  of  the  white  fibrous  tissue.  The  ossification,  so  called, 
of  arteries,  and  the  valves  of  the  heart  is  not  actually  so,  since  no 
tme  osseous  tissue  is  formed.  It  is  mere  calcijication^  and  consists 
merely  in  a  deposit  of  calcareous  salts  (mainly  the  carbonate  and 
pthosphate  of  lime)  among  the  histological  elements  of  the  pan 
afEected.  True  ossification  occurs  in  the  permanent  cartilages  (of 
the  ribs  and  larynx,  and,  rarely,  the  epiglottis),  in  tendons,  in  the 
dara  mater  and  arachnoid  (the  latter  is  very  doubtful);  in  the  eye 
(  Valentin) ;  in  the  ovary ;  in  fibrous  membranes  (the  obturator  mem- 
brane); in  enchondroma;  in  fibrous  and  carcinomatous  growths, 
and  in  the  lungs.  (Mohr.)  On  the  other  hand,  no  tissue  is  exempt 
from  a  liability  to  cakificaiioriy  except  hair,  nails,  and  epidermis. 


CHAPTER   VIII.   f 

THE  DENTAL  TISSUES,   AND  THE  TEETH. 

SECTION   I. 
THE  DENTAL  TISSUES. 

The  solid  portion  of  the  teeth  within  which  the  soft  portion,  or 
the  pulp,  is  inclosed,  consists  of  three  distinct  parts  so  far  as  the 
structure  is  concerned. 

1.  The  Dentine,  which  constitutes  by  far  the  greatest  part  of  the 
whole  solid  portion. 

2.  7%«  Bnamelj  a  peculiar  structure  which  covers  the  body  of  the 
tooth,  or  the  part  which  is  free  and  exposed  to  view. 

8.  The  Cementum,  which  is  a  layer  of  true  bone,  covering  the 
fang  and  the  neck  of  the  tooth,  i.  e.  the  part  also  covered  by  the 
gum.  Fig.  280  shows  the  relations  of  these  three.  The  dentine  is 
sometimes  not  covered  at  the  neck  of  the  tooth  by  the  cementum. 

I.  The  Dentine. 

Dentine  is  replaced  by  true  bone  in  the  teeth  of  some  of  the 
lower  animals;  and  its  histological  relationship  to  bone  even  in 
human  teeth,  is  shown  by  the  fact  that  an  Haversian  rod  is  some- 
times seen  in  sections  of  teeth.  In  other  respects,  however,  the 
analogy  is  not  striking  in  man.  A  section  of  dentine  presents 
under  the  microscope  but  two  elements.  (Fig.  281.) 


THE  TISSUBB. 


1.  The  eolid,  bomogeneous  inUrtubular  tuitfonce. 

2.  The  dentinal  tubuli. 

A.  The  inlertubular  substance  is  perfectly  BtnicturelasB,  and  ooa- 
siats  in  great  part  of  the  phosphate  of  lime  iu  combiDStioa  with  u 


Fig,  3M.  Tarllol  (kILob  at  fanmu  Inrtior,  ihowlDi  tha  gu 
I>ir)>.    Tbo  dFDtliii;,  Ibe  palp-aTlIj,  Ihs  sumel  on  thtbodj.  ud  thabouaorciDmiBliimoB  tkakll^ 
an  mn.    <i.  Keck  ot  the  loolti.    (Sfagniaed  3  dlunalen.) 

Fla.  3)1.  TrumtM  atctloDi  sf  inbulM  or  daotliia,  ihovliic  thalr  aTtUM.  UM4r  vaUi,  ut  Oi 

uoJmr.    iMa^lfltd  400  dUmvl4n.) 

organic  substance,  doubtless  osteine.'  According  to  ^Tr.  Tomes,  it 
13  made  up  of  minute  granules  closely  united;  and  these  pass  into 
his  "  granular  layer"  between  the  dentine  and  the  enamel.  (Fif^ 
232,  cL) 

Chemical  analysis  of  the  solid  substance  of  dentine  gives  the  fol- 
lowing results.  There  is  more  mineral  matter  in  the  molar  than  in 
the  incisor  teeth. 

Phosphate  of  Lime 64} 

Carbonate  of  Lime 5^ 

Phosphate  of  Magnesia  and  Soda,  and  Common  Salt      1^ 
Organic  Substance  (Osteine) 28 

100. 
'  For  it  «ll<>rdi  glntin  on  boiUng. 


THE  CENTISE. 


'  When  dentioe  is  rractured,  it 
presents  a  fibroua  appearance ;  the 
fibres  ndiatiag  from  the  centre  to 
the  circumference  of  the  latter. 
The  tabuli,  of  course,  determine 
their  direction;  they  being  merely 
columns  of  the  solid  intertubular 
sobstance. 

B.  The  tubuH  of  the  dentine 
commence  on  the  internal  surface 
of  the  dentine,  in  contact  with  the 
pulp.  Their  general  direction  is 
opwards  and  outwards  in  the  lower 
teeth,  downwards  and  outwards  in 
the  upper.  They  average  TvioT 
of  an  inch  in  diameter  at  their  com- 
mencement, but  divide  into  many 
smaller  subdivisions,  separating  at 
acute  angles  from  the  mala  trunk, 
and  at  last  terminate  in  the  outer 
surface  of  the  dentine  in  contact 
with  the  enamel  or  the  cementum, 
as  the  case  may  be.  (Fig.  282.) 
The  tubuli  have  a  distinct  and  ap- 
parently very  thick  wall,  occupy- 
ing two  thirds  of  the  diameter  of 
tlie  whole  tube.  This  appearance 
is,  however,  due  to  the  numerous 
short  curves  in  the  tubes,  about  to 
be  described.  They  are  naturally 
filled  with  a  clear  fluid,  for  the 
nourishment  of  the  teeth,  and 
which  does  not  contain  salts  of 
lime,  as  is  sometimes  suted. — 
Huppe  finds  that  the  walls  of  the 
tubuli  do  not  contain  gelatine. 

Each    tubule    presents  two   or 

three   large   curvatures   and  very 

many  small  ones — sometimes  even 

2000  within  1  line.  {Retaut.)    Se- 

24 
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veral  of  these  occnrring  in  a  thin  section  of  dentine  seen  under  the 
microscope,  causes  the  wall  to  appear  shaded  within,  and  Uiicker 
than  it  actually  ia.  (Fig,  281,  o,  b,  c.)'  The  branches  of  the  tubali 
are,  1st  Principal  divisions,  leaving  the  main  trunk  at  aoute  angles; 
and,  being  repeated  two  to  five  timea  in  the  thickness  of  the  den- 
tine, amount  to  four,  eight,  or  even  sixteen  in  lall.  These  terminate 
in  a  granular  layer  between  the  dentine  and  enamel,  or  between  the 
fibres  of  the  latter,  or  unite  in  pairs  to  form  loops  in  the  dentine. 
2d.  The  anastomosing  branches  are  verj  minute  and  aumeroos,  and 
most  so  in  the  root  of  the  tooth.  These  and  the  primary  divisions 
just  described,  are  seen  in  Fig.  232.  Their  finest'  subdivimons  are 
not  more  than  gsico  of  an  inch  in  diameter.  Seen  in  dried  sectionB, 
the  tubuli  appear  black;  being  filled  with  air  merely,  as  ia  the  can 
with  the  pores  and  lacunee  of  dried  bone.  Certain  projections  are 
found  in  the  dentine,  called  dentinal  gJtAula;^  which  are  bounded 
by  irregular  spaces  called  interghbuhr  spaces.  The  former  are  fonnd 
mostly  in  the  outer  portion  of  the  dentine,  though  they  also  occnr 
in  the  deeper  parts.  They  are  globular  or  capitate,  as  represented 
by  Fig.  238. 

Fig.  233. 


The  interglobular  spaces  are  naturally  filled  by  a  soft  snbstanoe, 
like  tooth-cartilage  (osteine),  and  possessing  a  canoliculated  structure, 

like  the  dentine  itself. 

II.  The  Enauel. 
The  enamel  forms  a  layer  completely  investing  the  dentine  of 
the  body  of  the  tooth.     It  ia  thickest  on  the  crown  and  the  outside 

■  Hoppe  Andt  Um  globulsi  to  b«  duUtwt  culls  with  naclel. 
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moA  inade  of  the  bodies  of  the  teeth,  and  thinnest  on  the  surfaces 
where  adjoining  teeth  come  into  contact  It  forma  ridges  on  the 
surface  and  free  borders  of  the  incisor  teeth^-of  the  permanent  set 
only. 

Enamel  consists  of  solid  fibres  of  a  prismatic  form,  and  marked 
hj  transverse  lines,  whose  length  determines  the  thickness  of  the 
enamel.    (Fig.  234,  A.)     Their 
inner  extremity  abuts  upon  the  ^"  '*'*• 

dentine;  their  general  direction 
being  nearly  at  right  angles  to 
the  surface  of  the  latter.  In 
form  they  are  hexagonal  prisms, 
■lightly  undulating,  and  from 
is'oB  ^  v^si  °^  ^^  i"<!b  in  dia- 
meter. Hence  the  external  sur- 
face of  the  enamel  presenting 
the  hexagonal  extremities  of  the 
fibres,  resembles  the  simple  sca- 
ly epithelium.  (Fig.  234,  b.)  A 
delicate  membrane  covers  the. ', 
external  surface  of  the  enamel, 
named  "Nasmyth's  membrane,"  from  its  discoverer.  This  is  so 
closely  united  with  the  latter  that  its  existence  can  be  demon- 
strated only  by  the  action  of  hydrochloric  acid  on  the  subjacent 
enamel.  It  is  a  calcified'  simple  membrane,  only  about  nfiT  ot  an 
inch  thick.  It  is  distinguished,  however,  by  the  great  resistance  it 
offers  to  chemical  reagents,  and  its  consequent  appropriateness  as  a 
protection  to  the  bodies  of  the  teeth.  Boiling  water,  concentrsted 
acetic  acid,  hydrochloric  and  sulphuric  acids,  have  no  effect  upon 
it;  and  nitric  acid  only  renders  it  yellow.  Nor  is  it  changed  by 
the  caustic  alkalies. 

The  assertion  by  Betztus  that  a  similar  membrane  exists  between 
the  inner  surface  of  the  enamel  and  the  dentine,  is  probably  incor 
rect 

Though  the  enamel-fibres  are  so  firmly  united,  no  intennediate 
substance  can  be  discovered.  Not  does  Kolliker  find  the  canals 
mentioned  by  Todd  and  Bowman  between  the  enamel-fibres.  Clefts 
are,  however,  often  seen  between  them,  especially  in  the  middle  of 


iuihI,  ihinrlnt  thi  itrla 


'  Dr.  Haxlef  maintalDS  that  this  ii  the  calcified  membraiia  pnefonnBtin  of  the 
whole  pnlp. — Qaarltrlf  Journal  af  Mienteopie  Seienct,  vol.  1.  p.  14S. 
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the  thickness  of  the  enamel ;  and  the  dentinal  tubes  often  extend  to 
some  distance  between  them. 

Chemical  GomposUwn, — Enamel  contains  but  two  parts  of  water 
in  1,000/  and  is  the  hardest  substance  in  the  human  body.  It  can 
hardly  be  touched  by  the  knife,  and  yields  sparks  with  steeL  Ena- 
mel does  not,  like  dentine,  contain  cartilage  (osteine);  but  its  organic 
matter — only  2  to  6.6  per  cent,  of  the  dried  mass — appears  like  a 
membranous  tissue,  after  being  treated  with  acids.  According  to 
Lehmann,  dry  enamel  contains  81  to  88  per  cent  phosphate  of  lime, 
with  7  or  8  jAr  cent,  of  carbonate  of  lime;  and  Berzelius  found 
3.2  per  cent,  of  fluoride  of  calcium  in  the  enamel  of  a  human  tootL 
The  following  is  Von  Bibra's  analysis: — 

Organic  matter       .        .        .        8.59 
Inorganic  matter    .        .        •      96.41 

Cartilage  (?) 8.89 

Fat 0.20 

Phosphate  of  Lime  with  some  Fluoride  of  Calcium    89.82 

Carbonate  of  Lime 4.87 

Phosphate  of  Magnesia 1.84 

Salts 0.88 

In  young  or  developing  teeth,  the  enamel  is  soft;,  and  may  be  cut 
with  a  knife;  and  here  the  fibres  may  be  easily  isolated.  They 
also  show  transverse  strisD,  somewhat  like  striated  muscular  fibre, 
(Fig.  235,)  especially  aft«r  the  addition  of  hydrochloric  acid ;  but  a 
further  addition  converts  the  fibres  into  transparent  tubes,  and 
finally  entirely  dissolves  the  latter.  It  follows  that  neither  this  acid, 
nor  any  other  agent  that  acts  upon  the  enamel,  should  form  a  part  of 
a  dentifrice,  or  a  wash  for  the  teeth. 

III.  The  Cembntum. 

The  cementum  is  a  layer  of  true  osseous  tissue  covering  the  fangs 
and  the  necks  of  the  teeth.  It  commences  where  the  enamel  ter- 
minates, ai9  a  very  thin  layer,  and  increases  in  thickness  to  the  end 
of  the  fang.  Internally  it  is  very  intimately  united  with  the  den- 
tine, but  without  any  intermediate  substance.  Externally  it  is  very 
dosely  surrounded  by  the  periosteum  of  the  alveoli;  but  it  is  less 
firmly  united  with  the  gum.    It  is  the  softest  of  the  three  dental 

>  Bobin  and  Verdeil,  toI.  ii.  p.  115. 
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tissiiee,  and  is  chemically  almost  identical  with  bone.    It  consiata 

of:— 

Organic  matter  (osteiae)     ....  S2.24 

Earth;  matter  67.76 

Phoapbate  of  liime  and  Fluoride  of  Calcium    68.78 1 

Carbonate  of  Lime 7.22  1 

Phosphate  of  Magnesia 89  [*'''* 

Salts 82j 

Cartilage  (Oateioe) 81.81  1 

Fat .98  P^-^ 


100.00 

Idke  bone,  the  cementum  conoiets  of  lacnns  and  pores,  and  the 
interreniog  true  osseous  tissue.  It  rarely  contains  Harersian  canals 
aod  vessels;  though  it  has  peculiar  canals  analogous  to  the  tubes 
of  the  dentine,  and  other  abnormal  cavities. 

The  oaaanu  Uatue  may  be  granular,  amorphous,  sometimes  trans- 
versely striated,  or  laminated  like  bone.  The  lacunse  essentially 
reaemble  tbose  of  bone ;  but  present  great  varieties  of  number, 
form,  aud  size  {^-^z  ^  6^^°  xht  of  an  inch).  The  pores  are  unu- 
soallj  numerous  and  long  (,(i,  of  an  inch);  and  often  resemble 
feathers  and  brushes.    (Fig.  232,  a) 
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The  thinnest  part  of  the  cemm- 
tun  con  ains  no  lacunse,  they  ge- 
nerally commenciag  about  tbo  mid' 
die  of  the  fang,  where  they  an 
scattered  and  solitary;  and  becom- 
ing more  numeroua,  and  having 
the  r  lacuniG  freely  commanJcating 
towards  ts  extremity.  (Pig.  280.) 
The  thick  cement  occmring 
Uf  on  old  teeth,  presents  immense 
n  mbe  a  of  lacunsp,  and  very  com- 
monly Ilaveraiao  canals  also,  ss 
Been  n  F  g,  236.  In  hyperostoses 
of  the  teeth,  one,  three,  or  more 
canals  are  sometimes  seen  enter- 
ng  the  cementum  from  without 
b  anch  ng  two  or  three  times,  and 
then  term  Dating  in  blind  extromi- 


Cavit  ea  resembl  ng  the  dent  nil  tubes  are  also  sometimes  found 
in  the  cementum;  and  which  frequently  communicate  with  the  end 
of  the  tubuli  on  the  one  hand,  and  the  pores  of  the  osseous  lacunie 
on  the  other.  Other  cavities  still  have  been  described,  but  they  are 
evidently  pathological. 

Remarks. — Thus  it  appears  that  the  dentinal  tubnli,  and  especially 
the  fiDOSt  subdivisions,  arc  homologous  with  the  pores  of  bone.  In 
the  latter  the  lacumc  are  added  as  if  expansions  of  the  pores,  to 
insure  a  freer  circulation  of  the  plasma  from  which  the  boue  is 
nourished;  while  in  teeth  such  a  development  would  not  conaiat 
with  the  degree  of  solidity  and  strength  required  in  them  as  organs 
of  mastication. 


SECTION  II.  ^^H 

THE  STBUCT'URE  OF  THE  TXKTH.  ^^H 

The  teeth  consist  oi— first,  the  external  solid  (cortical)  portion; 
and,  secondly,  the  internal  soft  portion,  the  pulp.  The  teeth  are  also 
in  contact  Yr'tih— first,  the  gum ;  and,  seconrlly,  the  periosteum  of  the 
alveoli  (the  cavities  in  which  the  teeth  are  inserted). 

1.  The  cortieal  portion  of  tho  teeth  consists  of  dentine,  enamel, 
and  cementum,  as  already  shown  ia  Fig.  230. 
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2.  The  dental  pulp  rises  from  the  periosteam  at  the  bottom  of  the 
alveolus,  enters  the  fang,  and  fills  the  cavity  of  the  tooth,  and  the 
dentinal  canals ;  being  everywhere  in  close  adherence  to  the  inner 
sarface  of  the  dentine.  It  is  a  reddish,  soft,  very  vascular  and  nerv- 
ous substance;  and  consists  of  mere  rudimentary  collagenous  tissue, 
inclbsing  many  dispersed,  round,  and  elongated  nuclei,  and  a  fluid 
sabstance,  with  the  vessels  and  nerves.  It  is  invested  externally  by 
a  basement-membrane,  underneath  which  is  a  layer  ^i^  to  ^Ji,  of 
an  inch  thick,  composed  of  many  series  of  cells,  y^/iy^  of  an  inch 
long,  and  ^jf^jf  of  an  inch  broad,  arranged  perpendicularly  to  the 
surface  of  the  pulp  like  a  conoidal  epithelium — the  formative  cells 
of  the  dentine^  to  be  described  further  on. 

The  veaseh  of  the  pulp  are  very  numerous.  Three  to  ten  small 
arteries  enter  the  pulp  of  a  simple  tooth,  and  form  both  internally 
and  upon  its  surface  a  loose  plexus  of  capillaries,  ^^j^^  to  t^^^j^  of 
an  inch  in  diameter.    There  are  no  lymphatic  vessels.  {Kolliker) 

The  nerves  of  the  pulp  are  extremely  abundant.  Into  every  fang 
enters  a  large  trunk  (^io  to  ^^^  of  an  inch),  and  six  or  more  fine 
branches  (of  j^'q^  to  oig  of  an  inch),  containing  fibres  of  73(119  to 
79*00  ^^  ^^  m^h.  Kolliker  inclines  to  the  opinion  that  they  ter- 
minate in  loops ;  but  this  is  not  yet  demonstrated. 

8.  The  gum  (gingiva)  is  the  portion  of  the  mucous  membrane  of 
the  mouth  uniting  the  necks  of  the  teeth  and  the  alveolar  margins 
of  the  jaw-bones.  It  is  pale  red,  and  rather  soil,  though  feeling  firm 
because  resting  on  the  bone  and  teeth.  Upon  the  teeth  it  is  }  to 
i}  line  thick,  and  has  papilho  of  b<q  to  ^g  of  an  inch  long — in  old 
people  even  jV  of  an  inch.  Like  the  papilhe  filiformes  of  the  tongue, 
they  are  covered  with  secondary  papillae,  and  a  conoidal  epithelium, 
which  between  the  papillae  is  ^  J^  to  ^^ii  of  an  inch  thick.  Some- 
times on  its  upper  portions  there  are  rounded  depressions  in  it,  ^ 
to  i  of  an  inch  in  diameter,  with  cells  more  cornified,  and  which 
may  be  mistaken  for  glands. 

4.  The  periosteum  of  the  alveolus  is  very  intimately  connected 
with  the  &ngs  of  the  teeth,  having  the  same  structure  as  any  other 
periosteum,  except  that  it  is  softer,  contains  no  elastic  tissue,  and 
possesses  an  abundant  nervous  network  containing  many  of  the 
large  nerve-fibres. 

Properties  and  Uses  (f  the  TeetK 

The  principal  function  of  the  teeth,  viz.  as  masticatory  organs, 
is  well  understood.    They  are  also  subservient  to  speech. 
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The  teeth  are  affected  by  contact,  by  heat,  cold,  and  chemical 
agents ;  their  sensibility  arising  from  the  nerves  in  their  pulp.  It 
is  quite  delicate  on  the  masticatory  surfaces,  where  the  smallest 
foreign  bodies — as  small  grains  of  sand,  &c. — are  at  once  perceived 
when  those  surfaces  are  opposed  to  each  other.  It  may  also  in  dis- 
ease become  excessively  acute. 

Slight  mechanical  influeuces  can  only  act  by  the  vibration  Which 
they  produce.  Yet  the  teeth  have  a  certain  sense  of  locality,  since 
we  can  distinguish  whether  they  are  touched  internally  or  exter- 
nally, above  or  below,  on  the  right  or  the  left  side.  Acids  cannot 
penetrate  the  enamel,  though  it  is  not  impermeable;  since  the  nerves 
of  the  pulp  are  not  affected  by  them  while  the  enamel  is  entire,  but 
are  so  at  once  when,  as  in  the  incisors,  the  dentine  is  exposed. 
Nasmyth's  membrane  is  doubtless  still  more  impenetrable  than  the 
enamel  itself. 

Development  of  the  Teeth. 

The  first  set  (deciduous  or  milk-teeth)  contains  twenty,  and  the 
second  (permanent  teeth)  thirty-two  teeth.  Each  tooth,  during  its 
development,  presents  a  papillary,  a  follicular,  a  saccular,  and  finally 
its  eruptive  state. 

The  developmeut  of  the  milk-teeth  commences  in  the  sixth 
week  of  foetal  life;  twenty  dental  papillsa  making  their  appearance 
from  this  period  up  to  the  tenth  week,  in  a  groove  called  the  dental 
groove.  Next,  partitions  are  formed  between  the  papillae,  and  each 
then  lies  in  a  special  follicle  or  cavity ;  and  thus  the  papillary  has 
merged  into  the  following  stage.  During  the  fourth  month  these 
cavities  contract,  and  finally  close  up  completely,  the  papillas  within 
them  at  the  same  time  assuming  the  forms  of  the  future  teeth ;  and 
thus  the  saccular  stage  is  arrived  at.  A  little  cavity  is,  however,  at 
the  same  time  prolonged  from  each  closed  tooth-sac;  these  being 
the  "reserve-sacs"  in  which,  during  the  fifth  month,  are  developed 
the  pulps  of  the  twenty  anterior  teeth  of  the  second  set.  These 
reserve-sacs,  however,  gradually  retract  backwards,  and  fall  into 
hollows  in  the  jaw-bones;  and  lie  at  considerable  depth  in  the  latter 
by  the  time  the  first  set  make  their  appearance — by  having  attained 
to  the  final  or  eruptive  stage. 

The  four  stages  just  mentioned,  and  the  relations  of  the  "reserve- 
sacs,"  are  shown  by  Fig.  287.  The  last  are  produced  at  their  apices 
into  a  solid  cord,  which  has  erroneously  been  called  the  gubernacu- 
lum  derUia,  or  guiding  cord  for  the  permanent  teeth  in  their  eruption. 
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Fig.  238. 


Fonaation  of  a  temporarj  and  its  eorretpondlng  permanent  tooth.  In  a  mm  of  the  mneons  mem- 
brane, a  to  d.  Paplllarj  etaf e ;  e  to  ^.  FoUienlar  do. ;  ik  to  m.  Saccular,  do. ;  n,  o.  BmptiTe  etage ; 
ptot  Falllnf  out  of  lint  Mt 

From  the  manner  in  which  the  primaiy  tooth-sacs  are  formed — 
t.  e.  by  elevations  of  the  mucous  membrane  around  the  papillsB,  as 
shown  in  Fig.  237,  d,  e — it  follows  that  the  papilla,  even  after  attain- 
ing to  the  form  of  the  body  of  the  future  tooth, 
does  not  cause  the  layer  covering  it,  of  the  ori- 
ginal mucous  membrane  of  the  mouth,  to  come 
into  contact  with  the  layer  which  has  closed 
over  it;  and  therefore  a  space  is  left  between 
these  two  layers — the  cavity  in  which  the  ena- 
mel is  formed  (Fig.  288,  B)  from  cells  (the  ena- 
mel pulp)  contained  in  it. 

The  general  account  of  the  development  of 
the  teeth  is  as  follows :  1.  A  thin  layer  of  den- 
tine is  formed  from  the  vessels  in  the  pulp,  and 
which  incloses  the  latter  like  a  cap.  This  is  fol- 
lowed by  other  layers  within  each  other,  the  pulp  itself  meanwhile 
contracting.  2.  The  enamel  is  formed  from  the  cells  in  the  enamel- 
cavity ;  a  thin  layer  being  at  first  adherent  to  the  outer  layer  of 
dentine,  and  which  is  followed  by  others  till  the  requisite  thickness 
18  acquired,  the  enamel-pulp  meantime  gradually  disappearing.  8. 
The  body  of  the  tooth  thus  being  developed,  the  formation  of  the 
fang  next  takes  place ;  the  pulp  of  the  dentine  now  extending  into 
the  alveolus,  ahd  dividing  into  two  or  three  processes  if  the  fang  is 
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378  THE   TI3SUK3. 

to  be  double  or  triple.  The  development  of  the  faog  from  tbe  den" 
tinal  pulp  is  precisely  like  that  of  the  dentine  in  the  body  just  de- 
seribcd;  and  this  process  elevates  the  latter  through  the  gum,  and 
thus  the  eruption  of  the  tooth  takes  place.  The  enamel,  of  couree, 
oovera  the  body  only,  since  the  enamel-sac  extended  only  over  the 
latter.  4.  Finally,  as  the  alveoli  close  around  the  necks  of  the  teeth 
during  their  eruption,  and  afterwards  more  completely  around  the 
fangs,  the  vessels  of  the  periosteum  of  the  alveoli  deposit  a  plaa 
from  which  the  cementum  (tooth-bone)  is  formed;  and  which  be- 
comes adherent  to  the  dentine,  and  forms  a  layer  becoming  thicker 
as  it  approaches  the  apex  of  the  fang,  as  before  described  (p.  374), 

The  explanation  of  the  minutuc  of  this  process  requires  a  know- 
e  of  the  minute  structure  of  the  dentinal  pulp,  and  the  enamel- 
sac  and  its  contents.     Aud  the  following  statement  is  deemed  the 
most  accurate,  in  its  details,  of  the  various  accounts  , given  by  dif- 
ferent authors: — 

1.  The  dentinal  pulp  precisely  resembles,  in  size  and  fonn,  tho 
body  of  the  tooth  to  be  developed  from  it,  consisting  of  an  inte 
portion  rich  in  vessels,  and  an  external  portion  which  is  eutirj 
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[leatitute  of  them ;  and  is  bonnded  by  a  aimple  membrane — the  mem- 
brana  pnxformativa.  {Raachkow.)  (Fig.  239.)  Beoeath  this  is  a  layer 
of  elongated  cells  (>,|n  ^  jio  "^  ^°  ^^'^^  ^^°S>  ^J  >doo  **>  aAs  of 
an  inch  wide),  with  vesicular  naclei  and  distinct  single  or  double 
nucleoli,  arranged  like  an  epithelium,  though  not  so  sharply  defined 
internally ;  and  next  is  the  paren- 
eliyma  of  the  pulp,  consisting  of  ^-  3*0. 

a  flort  of  rudimentary  collagenona  f 

timoe,  with  many  rounded  or  elon- 
gated nuclei,  and  the  vessels.  (Fig. . 
240.)  The  latter  become  very  nu- 
merouB  at  the  period  when  the  den- 
tine begins  to  be  formed,  the  most 
numerous  perpendicular  loops  of 
oapillaries,  g^p  of  an  inch  in  di- 
ameter, being  in  contiguity  with 
tbe  sur&ce  of  the  dentine.  The 
nerves  are  developed  later.  Their 
distribution,  as  well  as  that  of  the 
ressels,  in  the  pulp  of  the  perfect 
tooth,  has  already  been  described 
(p.  375).  n^tun,  (xcaor.) 

It  is  from  the  epithelium-like 
layer  of  cells  that  the  dentine  is  formed;  and  the  former  seems  to 
maintain  a  constant  thickness  by  the  elongation  of  the  original  cells 
iaternally  (while  tbe  d^tine  is  formed  externally),  accompanied  by 
a  continual  multiplication  of  their  nuclei.  The  parenchyma  of  the 
palp,  therefore,  progressively  diminishes  as  the  dentine  incresses ; 
the  latter  being  formed  in  concentric  layers  from  without  inwards, 
like  the  lamella  of  the  Haversian  rods  of  bone  (p.  8&6). 

It  appears  that  the  cells  just  described  become  the  solid  dentine 
by  the  gradual  reception  of  calcareous  salts.  The  largest  lu^/t 
are  probably  the  remaining  unossified  portions  of  tbe  cavity  of  the 
oells,  and  are  hence  analogous  to  the  lacnnte  of  bone.  The  divi- 
sions of  the  tubuli  may  result  from  a  longitudinal  division  of  the 
cells,  or  from  a  single  cell  coalescing  with  two  of  its  predecessors. 
The  finest  lateral  branches  appear  to  be  of  secondary  origin,  and 
(oobably  result  from  resorption  of  already  formed  dentine,  like  the 
pores  of  bone  (p.  S54). 

During  the  ossification  of  tbe  dentine,  and  while  recently  formed 
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and  fliightlj  hardened,  the  whole  appears  to  consist  of  taoJaUd  jlb- 
buka.    Some  of  them  are  also  visible  at  later  periods,  the  spacM 
between  them  being  the  interglobular  spaces  already  described  (p. 
870).     Usually,  however,  these  spaces  are  filled  by  a  deposition  of 
dentine  also,  so  that  the  latter  becomes  quite  homogeneous  and  clear. 
2.  The  ennmel-catity  is  a  closed  sac,  and  contains  the  enamel-pulp, 
which  is  applied  to  the  dentinal  pulp  like  a  cap,  and  presents  a  pe- 
culiar structure.     1.  Ite  mass  coQsista 
Fig.  341.  at  first  of  anastomosing  stellate  cells 

(Fig.  239), containing  a  great  quantity 
of  fiuid,  rich  in  albumen  (and  mucus, 

r  iiiiii>i/  KiiUiker),  in  its  meshes.     It  forms  a 

9 '  1 1  IB  I  layer  V^  to  ^'g  of  an  inch  thick  in  the 

ffl,  1 1  mj  foitus  of  five  or  six  months,  and  but 

V  1^  \r  _^i^  tQ  ^T^  of  (til  iocii  at  birth ;  when  it 

(Jul  illri  |S^*  contains  vessels  in  its  outer  third,  and 

[]      yi    I  y  ita   network   is  metamorphosed   into 

IPtljMyij)  white  fibrous  tissue.   2.  On  the  inside, 

yv^^L^v  however,  of  this  spongy  liasae  lies  a 

'.»*j?JlJLv%  true  cylindrical  (conoidal)  epithelium 

^Ir^T^^^'k,^  in  contact  with  the  dentinal  pulp.  This 

vX^JT^L  •JL'X  '^  incorrectly  termed  the  enamel-mem- 

lf^^v«^'Vlre]Lel  frrane  (membrana  adamantinse,  Jtaxh- 

T^r^f^f'Y*^  fcoii').    Jts  cells  are  yo'oB  °^  ''"  ^^'^^  '" 

Sw^k^Ay/*!*!^**^  length,  and  gp'^j  of  an  inch  in  breadth, 

iS!!,^*'Y'^y»V^  (         ^^^  finely  granular,  and  their  nucln 
are  frequently  situated  at  their  ez^^H 
mities.  ^H 

The  en&tae\-Jibres  are  formed  by  f|^| 
complete  and  direct  ossification  of  tbe 
cells  just  mentioned,  without  a  pre- 
vious deposit  of  calcareous  matter  in  a 
granular  form.  (KoUiker.)  (Fig.  241.) 
The  first  layer  of  enamel  is  deposited 
upon  the  outermost  layer  of  dentine, 
already  described,  and  th«  successive 
ones  are  formed  externally  to  this,  till 
the  required  thickness  is  obtained. 
Meantime  the  epithelial  layer  con- 
stantly remains  of  the  same  thickness 
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by  a  progressive  development,  while  the  spongy  tissue  proportion- 
ately diminishes,  and  at  last  entirely  disappears,  together  with  the 
epithelial  cells ;  when  the  development  of  enamel  is  completed. 

Thus  the  membrana  praeformativa  (p.  879)  has  an  epithelial  layer 
u[>on  both  of  its  surfaces;  the  dentine  being  developed  from  the 
inner  one,  while  the  enamel  is  formed  from  the  outer  one ;  the  ves- 
sels affording  the  plasma  being  on  the  distal  side  of  the  epithelial 
layer,  from  the  membrana  praformativa,  in  both  cases. 

8.  The  cementum  is  believed*  by  Kcilliker  to  be  formed  by  the 
"portions  of  the  dental  sac  lying  between  the  pulp  and  the  enamel- 
organ."  We  consider  that  the  sac  merely  embraces  the  enamel- 
organ,  and  isolates  it  from  the  dental  pulp ;  while  the  latter  affords 
the  epithelial  layer  whence  the  dentine  is  developed.  Another  source 
of  the  cementum  must  therefore  be  sought,  and  none  is  more  pro- 
bable than  the  periosteum  of  the  alveoli.  After  the  body  of  the 
tooth  is  completed,  the  pulp  elongates  towards  the  bottom  of  the 
alveolus,  and  thus  the  fang  is  developed  from  it,  the  body  at  the 
same  time  penetrating  through  the  gum  in  the  opposite  direction. 
Kolliker- states  that  the  sac  elongates  at  the  same  time  with  the 
pulp,  and  thinks  that  its  inner  surface  affords  a  blastema  whence  the 
cementum  is  formed  and  deposited  on  the  outer  surface  of  the  den- 
tine of  the  fang. 

It  is  difficult  to  account  for  the  development  of  Nasmyth's  mem- 
brane.  On  the  supposition,  however,  that  the  membrana  prseforma- 
tiva  originally  lines  the  whole  of  the  enamel-cavity,  it  may  be 
produced  by  calcification  of  the  membrane,  gluing  together  and 
protecting  the  outer  ends  of  the  prisms  of  the  enamel. 

The  permanent  teeth  are  also  developed  in  the  manner  just  de- 
scribed, from  the  secondary  pulps  mentioned  on  page  876,  1. 

The  two  sets  of  teeth  appear  at  the  following  ages: — 

I.   lOLK-TEETH. 

Four  central  incisors  (the  lower  first),  7th  month. 
Lateral  incisors  (lower  first),  7tb  to  10th        '* 
Anterior  molars,  12th  to  13th  " 

Ganioe  teeth,  14th  to  20th  " 

Posterior  molars,  18th  to  36th  " 
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II. 

PERMANENT  TEETH. 

Central  incisors  . 

8  years. 

Lateral       " 

.        .        .      9      " 

First  bicuspid 

.     10      " 

Second     " 

.    11      « 

Canines 

.    12    to  12J  years. 

Second  molars     • 

.    12}  to  14 

Third       " 

.     17    to  19 

Orowth  of  the  Teeth. 

The  enamel  does  not  increase  in  amount  after  the  eruption  of  the 
teeth.  It  is,  however,  susceptible  of  some  molecular  changes,  as  its 
diseases  indicate — especially  caries.  The  latter  is  true  of  the  den- 
tine also,  and  the  cementum;  both  of  which,  moreover,  become 
thicker  after  the  eruption  of  the  teeth.  Indeed,  in  old  persons  the 
pulp  has  sometimes  entirely  disappeared,  and  its  cavity  been  filled 
with  an  imperfect  dentine;  and  the  cementum  amounts  to  an  exos- 
tosis (p.  374).  The  fissures  between  the  enamel-prisms,  the  dentinal 
tubuli,  and  the  lacunas  and  pores  of  the  cementum — all  during  life 
contain  a  nutritive  fluid,  and  permit  of  nutritive  changes.  Since, 
however,  perfect  dentine  is  not  colored  by  madder  when  an  animal 
is  fed  with  it,  it  is  probable  that  these  changes  are  far  less  active 
than  in  the  bones.  In  case  of  caries  threatening  an  exposure  of  the 
pulp  of  the  teeth,  the  dentine  very  often  becomes  thicker  within, 
and  opposite  the  carious  portion ;  the  new  dentine  being  formed  to 
protect  the  pulp. 

Any  portion  of  a  tooth  being  once  removed,  is  never  reproduced; 
nor  is  the  loss  at  all  repaired. 

A  third  dentition  sometimes  occurs  late  in  life,  though  the  teeth 
are  imperfectly  developed  and  few  in  number.  A  tooth  extracted 
and  at  once  replaced,  may  become  firm  again  at  the  end  of  some 
months  (fifteen  in  one  case). 

Pathological  States  of  Ute  Teeth. 

1.  Hypertrophy  of  the  cement  (exostosis),  deposits  of  dentine 
projecting  into  the  pulp  cavity,  and  ossification  of  the  pulp  itself, 
are  very  common  results  of  chronic  inflammation  of  the  perios- 
teum and  the  pulp.  In  the  first,  the  pores  become  dilated,  so  as  to 
form  Haversian  canals.  (  Wedl) 

2.  A  partial  disappearance  of  the  fang  is  quite  common.  The 
whole  fang  sometimes  becomes  transparent  like  horn. 
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8.  Necrosis  occurs  where  the  periosteum  has  been  removed,  or  the 
pulp  has  died.  Here  the  tooth  becomes  rough,  dark,  and  even 
olack,  and  at  length  falls  out. 

4.  Cartes  of  the  teeth,  as  in  bone,  is  a  gradual  loss  of  substance. 
Its  cause  is  not  well  understood.  Since  it  always  commences  on 
the  exterior,  the  fluids  of  the  mouth  are  supposed  to  have  an  influ- 
ence in  producing  it.  There  must,  however,  be  a  coincident  putre- 
factive decomposition  of  the  organic  elements  of  the  tooth,  which 
becomes  covered  with  infusoria  and  fungi.  {Kblliker)  Indeed, 
Ficinus  thinks  the  latter  are  the  principal  cause  of  caries,  since  it 
osuallv  commences  in  the  cracks  and  pits  of  the  enamel,  where  un- 
disturbed opportunity  is  given  for  these  organisms  to  develop. 
The  discolored  spots  on  the  enamel  first  lose  their  salts,  and  then 
break  up  into  angular  pieces.  Next  the  dentine  becomes  soft, 
yielding  not  more  than  ten  per  cent,  of  ash  (Ficinus\  and  then  de- 
oompoa6d,and  the  dentinal  tubuli  become  filled  with  the  fluids  pro- 
oeedmg  from  its  decomposition ;  and  which,  reaching  the  pulp,  may 

firoduce  pain.    Carious  teeth  contain  an  excess  of  carbonate  of 
ime.  {Marchand) 

5.  In  jaundice  the  teeth  often  become  yellow,  and  in  asphyxia, 
red:  the  dentinal  tubuli  being  penetrated  by  the  coloring  matter  of 
the  bile,  and  the  blood,  respectively.  In  rickets^  the  teeth  are  not 
affected  (p.  884).  The  mucus  upon  the  teeth  always  contains  fungi; 
and,  on  accumulating,  it  hardens  and  constitutes  the  tartar  of  the 
teeth.  This  consists  of  earthy  phosphates,  79;  mucus,  12.5;  ptya- 
line,  1,  and  organic  matters  soluble  in  hydrochloric  acid,  7.5.  {Berze- 
Uus) 

6.  Finally,  teeth  are  sometimes  developed  in  abnormal  situations, 
«8  in  ovarian  cysts. 


CHAPTER  IX. 

MUSCULAR  (CONTRAOTILS)  TISSUE,   AND  THE  MUSCLES. 

SECTION  I. 
MTT80VLAB  OB  CONTRACTILE  TISSUE. 

Muscular  tissue  has  recently  been  regarded  as  presenting  three 
varieties:  the  elongated  or  fusiform  contractile  cell;  the  smooth 
or  non-striated  muscular  fibre,  and  the  striated  muscular  fibre. 
KoUiker  has,  however,  shown  that  the  elongated  contractile  cell 
and  the  smooth  muscular  fibre  are  histologically  identical.  He, 
therefore,  includes  bq|h  these  under  the  name  of  "  contractile  (or 
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muscular)  fibre-cells;"  since  in  case  of  both,  cells  are  found,  more 
or  lesa  elongated  into  the  form  of  fibres.  Only  two  rarietiea,  there- 
fore, of  muscular  tissue  need  be  recognized;  viz^  the  fibre^^lls 
just  mentioned,  and  the  striated  muscular  fibre. 

I.  The  CoNTRicriLE,  or  Muscular,  Fibre-cklia 
The  larger  fibre-cells  have  generally  been  named  smooth,  or  non- 
striated,  muscular  fibres,  and  have  been  described  as  jointed  fibres, 
presenting  nodosities,  as  represented  ia  Fig.  242.  This  is,  however, 
their  appearance,  very  nearly,  when  acted  upon  by  water.  An  ac- 
curate description  of  them  was  first  given  by  Kolliker. 

The  muscular  fibre-cells  are  from  g(g  to  ^^g  of  an  inch  long,  by 
bAs  ^  i^DO  °^  ^°  ''^'^^  broad;  and  are  composed  of  a  solt,  nearly 
homogeneous  light-yellow  substance.  The  nuclei  are  visible  only 
when  acted  upon  by  acetic  acid,  and  are  usually  long  and  stafi'-liknv 
as  seen  in  Fig.  243,  which  also  shows  the  usual  long  and  slender 
form  of  the  cells.  Very  sel- 
"B-2*2.  Fig.  243.  dom  a  nucleolus  exists  in  the 

nucleus,  and  the  latter  is  al- 
ways in  the  middle  of  the 
fibre.  The  subetance  of  the 
cell  sometimes  exhibits  pale^ 
dark  granules,  partially  ar- 
ranged in  rows  parallel  to 
the  axis  of  the  cell;  but,  io 
other  respects,  the  cell,  like 
the  nucleus,  is  homogeneous 
and  hyaline. 

It  is.  however,  doubtful  if 
any  cell-mejubrane  exists. — 
Kulliker  thinks  he  has  seen 
it  in  some  individual  fibres; 
but  Lehmann  cannot  demon- 
strate its  existence  chemi- 
cally, and  concludes  that 
these  fibres  are  never  in- 
closed by  a  true  myolemma. 
Should  his  opinion  be  de- 
monstrated to  be  correct,  the 
term  fibre-cell  must  be  again 
replaced  by^e  merely.  We 
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aball,  therefore,  quite  as  IVeqneDtly 
term  them  smooth  moscular  fibres. 
The  more  common  forms  of  the 
flbre-cella    hare    beea    mentJoaed. 
Bat  in  the  walls  of  the  bloodvessels 
(Fig.  241),  they  are  so  much  less 
elongated  as  sometimes  to  have  been 
mistaken  in  the  smallest,  for  epithe* 
lial  cells;  while  in  the  alimentary 
oanal,   nterun,  &c.,  they 
^         become  what  have  long 
been  called  the  non-stri- 
ated mnscular   fibres  of 
these  organs.     The  lar. 
gcst  of  all  appear  in  the 
impregnated  uterus;  and 
Fig.  245  shows  one  of  the 
long  cells  as  compared 
with  those  of  Fig.  244. 
Rarely,  altio,  the  cells  are 
in  the  form  of  elongated, 
quadrangular,    or  club- 
shaped  plates,  with  fring- 
ed margins.  (Fig.  244,  a, 
and  245,  b,  c.) 

Munlu  >bT»4g]l  fnn  lbs  flbrosi  InTHlmBnt  of 
Ikf  (plMH  of  Ui  dsf.— Miftllad   S30  dluoaun. 
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When  tbe  muscular  fibre-cells  exist  in  abundance  in  an  organ 
(s.  g.  tbe  alimentary  canal,  bladder,  &c.),  they  are  (1).  Collected  into 
little  bundles  or  fasciculi,  which  are  invested  by  a  very  ddicate 
layer  of  areolar  tissue — a  kind  of  perimysium  ;  and  which  also  in- 
closes a  peculiar  fluid  lying  among,  and  bathing  the  cells,  (i). 
The  fasciculi  thus  invested,  are  interwoven  to  form  the  required 
mass  or  thickness  in  the  part  or  organ.  (3).  Bloodvessels  are  alw 
sent  in  among  the  fasdcnli  to  a  considerable  amount  (^g.  247), 

Kg.  247. 
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while  but  a  relatively  small  number  of  nerves  is  distributed  to  this 
tissue. 

Chemical  Gomposiliffn  of  ifuacular  Fihre-Gella. 

1.  The^uiii  which  bathes  the  fibre-cells  in  tbe  fasciculi  is  identi- 
cal with  that  contained  within  the  myolemma  of  the  striated  mus- 
cular fibre  i  and  will  be  spoken  of  further  on  in  this  section  under 
the  name  of  the  m'uscular  juice  (p.  395). 

2.  The  demi-solid  and  most  important  element  of  the  fibre-cells 
ia  mueculine  (p.  98),  also  called  muscular  fibrine,  and  named  syn- 
tonin  by  Lehmann.  But  since  this  also  forms  the  solid  substance 
of  the  fibrillffi  of  the  striated  muscular  fibre,  it  will  be  described 
on  a  subsequent  page  (396). 
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DistribiUion  of  Muscular  Fibre- Cells. 

The  smallest  forms  of  these  cells  are  found  in  the  walls  of  the 
smallest  arteries  and  veins,  and  the  larger  lyitiphatica  The  follow- 
uag  general  account  of  the  distribution  of  all  their  forms  is  from 
Kdlliker.  It  should,  however,  be  premised  that  this  kind  of  mus- 
oolar  tissue  never  forms  isolated  muscles  in  the  human  body.  The 
fibres  are  either  scattered  in  the  areolar  tissue,  or  form  membranous 
expansions — as  the  muscular  layer  of  the  bladder  and  alimentary 
canal ;  and  in  either  case  the  fasciculi  are  either  parallel,  or  woven 
into  a  network. 

1.  In  the  alimentary  canal^  these  fibre-cells  form  the  muscular 
ooat  (tunica  musculosa),  from  the  lower  half  of  the  oesophagus, 
where  striated  fibres  are  mixed  with  them,  to  the  internal  sphincter 
ani.  They  also  form  the  muscular  layer  of  the  mucous  membrane 
(h>m  the  pylorus  to  the  anus  in  man,  and  constitute  the  scattered 
fasciculi  in  the  villi. 

2.  In  the  air-passages^  a  layer  of  contractile  fibre-cells  (smooth 
muscular  fibres),  exists  in  the  posterior  wall  of  the  trachea,  and 
extends  through  the  bronchial  tubes  to  their  finest  subdivisions,  as 
a  complete  muscular  membrane. 

8.  In  the  urinary  organs^  the  smooth  fibres  were  first  found  to 
extend  throughout  the  male  urethra  by  Mr.  Hancock,  of  London. 
They  also  form  two  distinct  layers  in  the  bladder,  and  a  layer  ex- 
tending through  the  ureters  into  the  pelvis  of  the  kidney. 

4.  In  the  male  sexual  organs,  they  are  found  in  the  dartos,  exter* 
nally  to  the  tunica  vaginalis,  in  the  vas  deferens,  the  vesiculaD  semi- 
Dales,  the  prostate,  around  Cowper's  glands,  and  in  the  corpora 
cavernosa  penis,  and  the  subcutaneous  areolar  tissue  of  this  organ. 

6.  The  female  sexual  organs  contain  the  smooth  muscular  fibres 
in  the  corpora  cavernosa  of  the  clitoris,  the  vagina,  the  uterus 
(where  they  become  even  ^  of  an  inch  long  during  pregnancy),  in 
the  Fallopian  tubes,  in  different  places  in  the  broad  ligaments  of 
the  uterus,  in  the  round  ligaments,  and  those  of  the  ovaries.  They 
also  exist  in  the  areolaa  of  the  lacteal  glands,  and  the  nipples. 

6.  In  the  vascular  system,  these  fibre-cells  exist  in  the  middle  coat 
of  all,  and  most  in  the  smaller,  arteries ;  and  in  that  of  most  veins, 
and  of  the  lymphatics,  except  the  finest ;  also  in  the  lymphatic 
glands  of  some  lower  animals  {Heyfelder) ;  and  the  external  tunic 
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of  many  veins.    In  the  smallest  arteries  they  are  elongated,  or  even 
round  cells;  which. is  to  be  regarded  as  a  less  developed  form. 

7.  In  the  skin^  this  tissue  appears  in  the  form  of  minute  fiisciculi 
upon  the  hair-sacs,  and  which  are  hence  called  arrectorea  piU  (p. 
267) ;  and  in  many  of  the  sudoriparous  and  sebaceous  foliicle& 
Similar  arrectores  have  also  been  found  by  Mr.  Lister  in  the  scalp; 
these  little  muscles  being  about  j^^jf  of  an  inch  in  diameter.  Their 
existence  in  the  dartos,  the  areola  and  the  mammilla,  has  already 
been  mentioned;  .and  Kdlliker  asserts  that  they  exist  in  all  situa- 
tions where  hairs  occur. 

8.  In  the  eye,  smooth  fibre-cells  form  both  the  sphincter  and  the 

dilator  (the  circular  and  the  radiating  fibres)  of  the  pupil,  and  the 

tensor  choroideoB  (ciliary  muscle). 

[9.  The  spleen  in  many  animals  has  this  tissue  in  its  outer  coat, 
and  in  its  trabeculsa,  mixed  with  areolar  tissue ;  but  it  is  not  found 
in  the  human  spleen.] 

10.  Finally,  this  tissue  forms  an  incomplete  coat  in  Wharton's 
duct,  and  in  the  ductus  communis  choledochus;  while  the  gall- 
bladder is  completely  lined  by  a  layer  of  it 

Peculiarities. — The  fibre-cells  of  the  uterus  demand  a  special 
notice. 

Muscular  Fibre- Cells  of  the  Uterus. 

The  fibre-cells  of  the  uterus,  while  in  its  normal  state,  are  quite 
short;  being  only  ^^j^j^  to  j^j^js  of  an  inch  in  length,  and  ^^^^  of 
an  inch  wide.  As  it  enlarges  after  impregnation,  and  finally  aug- 
ments to  twenty -four  times  its  original  size  {Meckel)^  all  its  histolo* 
gical  elements  undergo  an  increased  development.  But  only  the 
changes  in  its  fibre-cells  will  be  considered  here. 

Kolliker  has  ascertained  that  the  walls  of  the  uterus  increase  in 
thickness  up  to  the  fifth  month  of  gestation,  and  then  gradually 
become  thinner,  while  its  cavity  increases  up  to  the  full  term;  and 
that  so  far  as  the  muscular  structure  is  concerned,  there  is  both  an 
enlargement  of  the  original  fibres  and  a  production  of  new  ones. 
At  the  end  of  5  J  to  6  months  after  impregnation,  the  fibres  have 
become  7i\^  to  y^^  of  an  inch  long,  ^^^y^  to  jtj^f^  of  an  inch  wide, 
and  suiuto^^^ijofan  inch  thick;  instead  of  the  dimensions  men- 
tioned above.  Consequently,  their  length  is  increased  from  seven 
to  eleven  times  ;  and  their  width  from  two  to  five  times.  Acetic  acid 
brings  out  a  distinct  cell- wall  inclosing  these  large  fibres. 
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On  the  other  hand,  the  new-formation  of 
fibres  is  going  on  during  the  first  half  of  preg- 
nancy; when  fibre-cells  in  all  stages  of  deve- 
lopment occur  in  great  numbers.  Fig.  244,  a,  re- 
presents the  appearance  of  these  during  the 
sixth  month.  It  appears  that  no  new  develop- 
ment of  fibres  occurs  after  the  sixth  month  is 
completed;  subsequently  to  that  period,  Kolliker 
could  find  only  the  colossal  fibres,  already  de- 
scribed.   (Fig.  244.) 

After  parturition,  the  uterus  is  diminished  in 
respect  to  all  its  histological  elements.  But  of 
its  muscular  fibres  some  are  doubtless  com- 
pletely resorbed;  while  others  become  atro- 
phied. Indeed,  in  three  weeks  aft;er  parturi- 
tion, the  fibres  are  found  to  be  as  short  as  in  the 
virgin  uterus.  Fat-drops  also  appear  in  them; 
and  this  change  can  only  be  regarded  as  essen- 
tially a  fatty  degeneration,  to  a  certain  extent, 
of  the  fibre-cells.  Their  appearance  at  this  pe- 
riod is  seen  in  Fig.  248. 


Fig.  248. 
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Smooth  miuealar  fi- 
bres from  the  ntenu 
three  weeks  after  partn- 
rition,  showing  fkt-drops 
la  their  interior.  The 
frar  eells  at  the  left  hATe 
been  trrated  with  acetle 
add.    (KSlUker.) 


Distribution  df  Muacular  Fibre-Cells  in  the  Lower  Animals, 

It  is  a  singular  fact  that  the  smooth  muscular  fibre  is  not  found 
at  all  in  the  Invertebrata;  the  fibres  thought  to  be  such,  actually 
being  allied  genetically  to  the  striated  muscular  fibres  of  the  higher 
animals.  {Kolliker.)  The  following  peculiarities  occur  in  the  Yer- 
tebrata: — 

1.  In  the  mammalia^  except  man,  these  fibres  form  the  genito- 
rectal  muscle.  In  the  orang-outang  they  are  found  upon  the  hair- 
sacs,  as  in  man.  They  also  occur  in  the  spleen  of  many  mamma- 
Ha  (p.  888,  9). 

2.  In  birds^  smooth  muscular  fibres  exist  in  the  skin,  forming  the 
muscles  of  the  quill-feather;  the  latter  having  tendons  of  elastic 
tissue.  In  the  gizzard  of  birds  they  are  of  a  bright  red  color,  and 
are  united  with  a  tendinous  membrane. 

8.  In  the  amphibia^  they  exist  in  the  iris.  Also  in  the  frog,  they 
are  found  in  the  lungs. 

4.  In  fishes^  they  are  found  in  the  swimming  bladder.  In  the 
plagiostomata  they  occur  in  the  mesentery,  and  in  the  osseous 
nshes  in  the  campanula  ffalleri. 


890  THE  TISSUES. 

Functions  of  the  Muscular  Fibre- Cells. 

The  tissues  thus  far  described,  have  manifested  physical  proper- 
ties only.  But  muscular  fibre-cells  are,  like  the  striated  muscular 
fibres,  endowed  with  a  vital  property,  contractility^  and  the  power  of 
contraction;  or  of  spontaneously  shortening  themselves,  when  excited 
by  an  appropriate  stimulus.  This  latter  is  often  brought  to  them 
by  a  nerve ;  but  not  always,  nor  so  generally  as  is  the  case  with 
the  striated  fibres.  Hence  they  are  not  so  abundantly  supplied 
with  the  large  (motor)  nerve-fibres.  In  the  alimentary  canal,  the 
muscular  coat  is  excited  to  contraction  more  especially  by  the  oon- 
tent3  of  the  canal  itself;  and  this  is  probably  abo  true  of  the  bron* 
chial  tubes,  the  blood-  and  lymph-vessels,  the  bladder  and  the 
uterus. 

Hence,  the  motion  is  transmitted  along  a  membraniform  expan- 
sion  of  smooth  muscular  fibre  somewhat  slowly.  The  fibres  not 
being  bound  up  into  parallel  fasciculi  to  form  muscles,  but  being 
interwoven,  and  each  contracting  independently  of  the  rest — ^the 
movement  of  the  first  excites  the  rest  in  contact  with  it,  and  thus 
the  action  is  propagated  to  a  distance.  This  peculiarity  has  given 
to  the  motions  of  the  alimentarv  canal  the  name  of  vermicular  or 
peristaltic  motion.  The  more  or  less  rhythmical  character  of  the 
contractions  of  this  kind  of  muscular  fibre,  is  also  probably  due  to 
the  anatomical  peculiarity  just  mentioned.  This  is  best  seen  in  the 
case  of  uterine  contractions ;  and  also  in  cases  of  colic,  and  of  cal- 
cuius  in  the  bladder  or  in  the  ureters. 

The  contractions  of  the  smooth  muscular  fibres  are  not  in  the 
least  degree  under  the  control  of  volition.  Those  who  maintain 
that  parturition  is  in  some  instances  voluntarily  deferred  (after  it 
actually  commences  at  the  end  of  the  full  term),  and  then  again 
voluntarily  recommenced,  are  deceived  by  appearances  which  a 
knowledge  of  the  refiex  function  of  the  spinal  cord  at  once  explains 
away. 

Where  a  required  motion  is  to  be  of  slight  extent,  internal,  not 
rapid,  and  not  at  all  influenced  by  the  will — it  is  delegated  to 
the  smooth  muscular  fibre.  When  either  or  all  of  these  require- 
ments are  to  be  reversed,  the  striated  muscular  fibre  is  employed 
instead.  It  is  therefore  physiologically  inferior  to  the  latter.  Histo- 
logically, also,  it  may  be  regarded  as  a  lower  development,  as  will 
appearl 
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The  Bmooth  musoular  fil;re  maDifesta  tbe  rigor  mortis,  like  the 
Btriated  (p.  405). 

Developmmt  of  Mmcular  FStre-CeUa. 

There  is  Dothing  peculiar  in  the  development  of  muscular  fibre- 
ceDs.  They  are  formed  merely  by  the  elongation  of  cells  originally 
roaaded;  the  cell-wall  disappearing  (in  most  cases,  at  least)  after 
forming  the  homogeneous  soft  substance  already  described — the 
musooline. 

The  nutrition  of  smooth  muscle  is  probably  very  active,  though 
leas  so  than  that  of  striated  muscular  fibre.  Lehmann's  investi* 
gaUoDfl  in  regard  to  the  fluid  which  bathes  the  fibres  show  that  it 
has  an  acid  reaction,  and  contains  creatine  and  inosite,  besides  lactic, 
acetic,  and  butyric  acid. 

Begentration  of  Smooth  Muscular  Fibre. 
It  is  not  certainly  known  whether  this  kind  of  muscular  fibre  is 
mproduced  in  cases  of  loss  of  substance.    It  is,  however,  probably 
not  reproduced,  but  is  replaced  by  ureolar  tissue. 

Pathohgieal  (hwiitiorw  and  New  Forma^ona  <f  ifutcular  Fibre-Oelb. 

Smooth  muscular  fibre  is  liable  to  hypertrophy  and  to  atrophy, 
like  the  striated  form.    It  also  becomes  pattjyzed  like  the  latter, 
and  is  very  liable  to  fitty  de- 
generation.  ^  ng. »«.     ^ 

Pathological  new  formations  of 
this  tissue  occur  in  some  cases  of 
uterine  tumors. 

1.  Hypertrophy  of  the  smooth 
muscular  fibre  is  usually  of  limit- 
ed extent,  and  recognizable  even 
by  the  naked  eye,  by  the  pale-red 
fibrillation.  Occurring  in  the  py- 
loric portion  of  the  stomach,  tnis 
part  sometimes  becomes  an  inch 
or  more  thick,  tbe  circular  fibres 
being  mainly  increased.  An  are-  l^,^  ^„  "^  a.  hn«t«pwrt  -«- 
olated  appearance  is  produced  in  ^„  i^j,,  <a  u»  Momub.  bou«i  u  mmi*  mu, 
the  hypertrophied  mass  by  the  "iiried.  s,a.siBcwihiDiucaUribn*,diTid«i 
development  at  the  same  time  of  J^™"-  *•  ^  ^""^  """  ^"^ 
tbe  areolar  tissue  surrounding 

tbe  fiucicnli,  and  which  increases  in  thickness  towards  the  submu- 
cous tissue.  In  certain  layers  of  the  muscular  coat,  flattened  cells 
are  met  with,  resembling  epithelial  cells,  but  having  an  oblong  nu- 


892  THE  TISSUES. 

cleus.  These  are  probably  the  embryonic  forms  of  the  fibreKselh, 
(  Wedl)  Fig.  249  shows  the  fibres  and  the  connective  tissue  inclosing 
them,  as  seen  in  a  transverse  section.  The  submucous  tissue  is  at 
the  same  time  either  thickened,  or  infiltrated  witfar  a  gelatinous  sub- 
stance. 

Hypertrophy  of  the  smooth  muscular  tissue  is  usually  attributed 
to  a  previous  inflammation  in  the  part;  and  Engel  has  shown  that 
such  a  connection  exists. 

2.  Atrophy  of  the  smooth  muscular  tissue  occurs  as  a  consequence 
of  old  age,  and  of  diseases  attended  by  emaciation. 

8.  Fatty  degeneration  of  the  contents  of  the  muscular  fibre-cells  is 
their  most  common  form  of  involution;*  much  fat  occurring  at  the 
same  time  in  the  interstitial  connective  tissue.  This  last  form  is 
seen  most  strikingly  in  the  intestinal  canal  and  the  urinary  bladder. 
The  involution  of  the  smooth  fibres  of  the  uterus  after  parturition 
has  already  been  explained  (p.  889). 

4.  Pathological  new  formations  of  smooth  muscular  fibre  very  rarely 
occur.  Their  new  formation  in  the  uterus  during  pregnancy  (p.  889) 
must  be  regarded  as  a  physiological  change. 

II.  Striated  Muscular  Tissue. 

It  is  of  this  tissue  mainly  that  the  muscles  proper  are  formed; 
and  its  histological  and  its  physiological  relations  are  of  the  highest 
importance. 

This  form  of  contriEictile  tissue  consists  of  fibres  marked  with 
transverse  striae.  (Fig.  250.)  The  length  of  the  fibres  varies  ex- 
ceedingly, they  sometimes  extending  through  the  whole  length  of 
the  fleshy  part  of  a  muscle.  Their  diameter  varies  from  ^^'^^j  to 
tJ^j  of  an  inch;  the  ^verage  being  about  s^,^  of  an  inch.  They 
are  larger  on  the  trunk  and  the  extremities  than  on  the  head ;  but 
their  size  is  the  same  in  the  two  sexes,  though  the  contrary  has 
sometimes  been  asserted.  They  are  about  one-third  as  large  in  the 
foetus  as  in  the  adult.  When  packed  together  in  fasciculi,  they 
assume  the  form  of  round  polygonal  prisms,  as  seen  in  a  transverse 
section,  in  Fig.  263 ;  when  isolated,  they  approach  to  the  cylindrical 
form.  The  striae  are,  on  an  average,  about  TxrixFTF  of  an  inch  apart 
Various  hypotheses  have  been  resorted  to,  to  account  for  them;  but 
it  is  believed,  with  KoUiker,  that  "it  is  still  doubtful  to  what  the 
striation  is  due,"  though  it  is  clearly  a  physical  and  not  a  vital  phe- 

*  Thig  tenn  is  used  to  denote  a  pathological  change  or  descending  metamorphosis, 
in  the  histological  elements  of  a  tissue  or  organ.  It  is,  however,  also  applied  to  the 
atrophj  undergone  b/  the  uterus  immediately  after  parturition. 


BTBIA.TBD  HU8CULAB  FIBBE. 
Fig.  SCO. 


FnfmnM  tt  itrlatod  BsMiUr  llbna.  ifaowlBg  ■  cl«n«a  tn  oppMlts  dlneUou.  (lli«Blll«d  MO 
4tam«tan.)  1- I'Bll'odl"!*!**"*^  Tta«  laiitl(ndlB>l  iBd  truirfnalliua  in  both  mD.  §«Bt 
lo«(ll»dlul  llBH  He  dvktr  «id  *ldar  Ihss  lh<  mt.  itod  an  dqI  conitBaaD*  tram  snd  Is  and  ;  tUi 

Mik*brak«B«Bdot  tktflbN,  udBirkcdbr  timinaTH  Uoea  gquJUwldlh  to  (hoHon  Uii  Bbi*. 
7,  S,  raprtxBI  two  apparum  niBiiiiHilj  prHenled  hj  Ib<  HpanCfd  dDgle  Bbrlllc  (mora  highly 
>Hcal<*l)'  At  T,  Iba  bardan  and  tnaanna  llnai  >ra  alt  paHMlT  ractHlBear,  ud  tba  Insladad 
■pacta  parfnllr  nctangnlar.  At  t,  tba  bardan  an  ualLopail,  tbo  ipMai  baad-Uka.  Wban  aaat 
dMlDd  awl  dsSilts,  lb*  flbiilU  piwanli  Iba  runair  al  IbsH  appunnna.— S.  TtaniTana  claa(tc>> 
n*  toB|ltndLnal  Ubai  ar*  learflal  j  vlalbla.  3.  tDeomplata  fractnra  follovlBg  Lb«  oppoalta  tnifbaaa 
•f  ■  dlik,  wblch  iltalaliaa  airoaa  tba  latarral  and  ntaln*  the  rracmaBta  Id  coBDacUoB.  The  adjir 
•Bd  aarilaaii  at  tba  dlik  ai*  mlnataLj  grannUr.  Ilia  graaalo  comBpoBdliig  1b  ilis  to  Iba  IhtlktHa*  of 
tka  dlak,  aad  lo  tha  dlataBca  bMwtaB  Iba  fklat  loaallBdlnal  tloaL  4.  AboIIht  dlik  bmAj  dalaakad. 
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Fig.  361, 


nomenoQ.    The  largest  and  the  smallest  fibres  are  sometimes  found 
nde  by  aide. 

Each  striated  fibre  consists  of  two  distinct  por- 
tions: first,  the  myolemma;  &XiA, secondly,  iha  my- 
cdine. 

1.  The  myolemma*  is  the  envelop  containing 
the  myoline.  It  is  merely  a  tube,  closed  at  both 
ends,  of  simple  membrane  (Fig.  251);  in  or  an- 
deneath  which  (for  this  point  is  not  yet  settled) 
□oclfli  are  brought  into  view  by  acetic  acid.  (Fig. 
254.)  Kdlliker  maintains  that  it  is  not  an  albu- 
minoiu  compound,  but  is  at  least  similar  to  elastic 
tissue.  Certainly  it  may  be  proved  to  be  elastic, 
and  to  fit  closely  upon  its  contents,  in  the  normal 
state.*  *kai» 

'  nom  fiSt,  miuete,  and  iiimtM,  ooat  or  iheath.  It  li  iIm,  ]«m  MOniatelj,  namtd 
■•roolsmmft,  hj  Kolllker  and  other*. 

'  It  Bhonld  b«  ben  remarked  that  Dn.  Bnsk  aod  Hnzlef  den^  the  existence  of 
the  mjolemnia  aa  a  dlatlnot  itraoture ;  affirmiog  that  it  la  merelj  the  oater  porUon 
of  the  matrix  oontainlng  the  BbrillB. 
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2.  The  myoUne  is  the  demi-solid  substance  filling  the  myolemni, 
and  on  the  surface  of  this  are  the  transverse  markings  before  men- 
tioned. It  consists,  Jirst,  of  very  minute  threads,  called  fibriUa, 
placed  side  by  side,  from  jobdd  ^  ?b'dd  ofaii  i°cli  in  diameter,  and 
averaging  about  -migif  of  an  inch ;  between  which  is,  secondly,  the 
mttstndar  juice,  to  be  described  under  the  chemical  composition  of 
this  tissue.  Each  one  of  these  fibrillEe  has  its  own  transverse  mark- 
ings. Fig,  250, 1,  shows  a  fibre  splitting  into  its  compound  fibrilhe 
in  consequence  of  maceration.  The  same  cause  sometimes  produces 
a  transverse  cleavage  of  the  fi-bres;  in  which  case  the  fibre  has  be«n 
described  as  being  made  up  of  superimposed  disks,  instead  of  fibrillsB, 
Fig.  250,  2,  represents  this  form  of  cleavage.  Often,  also,  a  longi- 
tudinal striation  is  apparent.  The  fibrillie  are  not  tubular  in  man 
(as  in  some  of  the  lower  animals),  but  are  homogeneous  throughout. 
The  fibrillte  are  connected  togetlier  by  an  albuminous  tenacious 
intermediate  substance  of  a  double  nature:  viz.,  the  "muscular  juice" 
hereafter  to  be  described;  and  a  granular  molecular  substance — 
probably  fat  in  part — which  certain  distinguished  microscopists 
have  seen  lying  between  the  extremities  of  the  fibrilliB  of  a  fibre 
which  had  been  transversely  divided.  Each  fibrilla  is  also  by  Todd 
and  Bowman  regarded  as  being  composed  of  cells,  called  "the  sar- 
cous  elements,"  as  represented  in  Fig.  250, 5  and  6. 
Fig.  262.  These  cells  average  about  b  d'oo  of  an  inch  in  di- 

ameter; and  as  the  alternate  ones  are  often  larger 
than  those  between  them,  the  striated  appearance 
of  the  fibrillaj  has  sometimes  been  accoimted  for 
in  this  way. 

Peculiarity. — In  the  heart  (of  man,  and  proba- 
bly of  all  mammals),  anastomosing  and  dividing 
fibres  are  found.  Branched  fibres  are  also  found 
in  the  human  tongue.   (Fig.  252.) 

The  striated  muscular  tissue  is  abundantly  sup- 
plied with  bloodveasela  and  nerves  (both  the  fine 
fr-.m°"  e  LimiM  iw.n!     ^^d  the  coarse  nerve-fibres),  and  scantily  with 
{nutkrr.)  lymphatics.     (See  Section  II.  of  this  chapter.) 

Chemical  Composition  and  Physical  Properties  c^  Striated  Mttsmtar 

Tissw. 

There  is  reason  to  believe  that  the  chemical  composition  of  tie 

two  forms  of  muscular  tissue  is  identical.    C.  Schmidt  supposed  he 
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had  proved  this  to  be  the  fact  some  years  ago.    We  have  to  con- 
sider the  composition  of — 

I.  The  muscular  fluid. 
II.  The  musculine. 
ni.  The  mjolemma,  containing  both  of  the  preceding. 

I.  The  "muscular  juice,"  as  it  is  termed  by  Liebig,  surrounds  the 
fibre-cells  of  the  smooth  muscle;  and  is  also  contained  within  the 
myolemma  of  striated  muscular  fibre,  where  it  permeates  between 
the  fibrillse.  It  is  easily  expressed  from  fresh  muscle,  and  is  a  de- 
cidedly acid,  albuminous  fluid.  Its  albumen  may,  however,  be  in 
part  obtained  from  the  blood  of  the  muscular  mass;  while  its  large 
amount  of  caseine  is  peculiar  to  it.^  It  is  from  72.56  to  74.45  per 
cent,  water  {Von  Bibra)]  there  being,  on  an  average,  10  per  cent, 
leas  water  in  muscle  than  in  blood-serum.  It  also  contains  creatine, 
creatinine,  inosic  acid,  lactic  acid,  and  a  very  little  fat  Scherer  has 
also  found  in  it  acetic  and  formic  acid ;  and  in  that  obtained  from 
the  heart  of  the  ox,  he  found  a  peculiar  substance  which  he  terms 
inoaite  or  muscle-sugar.  The  muscular  juice,  like  most  acid  fluids, 
also  contains  an  abundance  of  potash  salts,  and  of  phosphates,  while 
it  is  poor  in  salts  of  soda  and  in  chlorides.  It  appears  that  in  the 
horse  there  are  twenty-nine  times,  and  in  the  ox  forty  six  times,  as 
mach  potash  in  the  muscular  juice  as  in  the  blood.  There  is  about 
ten  times  as  much  chloride  of  sodium,  on  the  other  hand,  in  the 
blood-serum  as  in  the  muscular  juice  of  the  horse.  {R.  Weber.) 
While  the  phosphate  of  lime  is  far  more  abundant  in  the  blood 
than  the  phosphate  of  magnesia,  the  reverse  is  true  of  the  muscular 
fluid.  It  has  been  seen  that  the  chloride  of  potassium  is  more  abun- 
dant than  that  of  sodium,  and  that  the  former  is  often  mistaken  for 
the  latter  (p.  49).  About  twenty-three  times  as  much  phosphoric 
acid  exists  in  the  ash  of  horse's  muscle  as  in  that  of  the  blood- 
serum;  more  than  is  sufficient  to  form  all  the  neutral  phosphates 
of  the  alkalies. 

What  the  precise  relation  is  between  the  function  of  the  muscular 
fibre  on  the  one  hand,  and  the  chemical  constitution  of  the  muscu- 
lar fluid  on  the  other,  is  unknown.  Liebig  calculates  that  the  stri- 
ated muscles  alone  contain  more  than  enough  free  acid  to  destroy 
the  alkalinity  of  all  the  blood;  and  that  the  opposite  state,  in  this 

'  The  flaidof  the  smooth,  however,  contains  more  caseine  and  less  albumen  than 
that  of  striated  muscle.    In  the  latter,  albumen  alone  is  often  found. 
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respect,  of  the  muscular  fluid  and  the  alkaline  blood  drcnlating 
through  the  muscle,  either  occasions,  or  is  occasioned  by,  an  elec- 
trical current;  which,  it  is  implied,  may  be  the  exciting  cause  of 
muscular  contraction — a  proposition  we  hesitate  to  adopt.  Experi- 
ments, however,  point  to  the  conclusion  that  muscle  loses  its  power 
of  contraction  in  proportion  as  its  fluid  is  diluted. 

II.  After  the  muscular  fluid  is  removed  by  pressure  from  the 
myolemma,  the  solid  substance  of  the  fibrils  still  remains.  This  is 
an  albuminous  substance,  soluble  in  extremely  dilute  hydrochloric 
acid,*  and  is  the  most  essential  element  of  muscular  tissue.  It  has 
already  been  described  as  musculine  (p.  97).  It  exists  equally  in 
striated  fibre  and  in  the  muscular  fibre-cells,  and  the  vital  proper^ 
of  contractility  doubtless  inheres  in  it,  wherever  found.  There  is 
less  of  it  within  the  myolemma  of  young  than  of  adult  animals. 

III.  The  chemical  relation  which  the  myolemma  bears  to  the  m* 
closed  cylinder  of  musculine  has  not  been  determined;  but  the 
substance  of  the  nuclei  inclosed  in  it  does  not  differ  much  from 
musculine.  {Lehmann,)  From  what  precedes,  there  will  be  leas 
musculine,  in  proportion,  in  young  animals.  In  the  contractile 
fibre-cells,  on  the  other  hand,  the  myolemma  is  absent,  or  at  leasl 
is  generally  not  demonstrable  (p.  884). 

Of  the  three  distinct  substances  included  in  the  analysis  of  muscu- 
lar tissue — the  myolemma,  the  muscular  fluid,  and  the  musculine— 
the  last  alone  is  an  immediate  principle.  It  is  impossible  to  isolate 
the  muscular  tissue  entirely  from  the  bloodvessels  and  their  con- 
tents, from  the  areolar  tissue  in  the  muscular  sheaths,  and  from  fiU 
between  the  myolemmata.  After  instituting  all  practicable  pre- 
cautions, Lehmann  found  the  following  as  the  average  result  of  his 
analyses  of  the  muscular  substance,  more  especially  of  oxen : — 

Per  oent. 

Water 74.0  to  80.0 

Solid  constituents         .        .        .    26.0  to  20.0 


100.0    100.0 

Per  oent. 

Muscular  fibre  (musculine)      .        .        .    15.4    to  17.7 
Gelatigenous  substance  (myolemmata  and 
perimysia) 0.6    to    1.9 

'  One  part  to  one  thousand  of  water. 


1.5    to  2.3 

0.6    to  0.68 

0.66  to  0.70 

0.50  to  0.54 

0.07  to  0.09 

0.04  to  0.09 

0.02  to  0.03 

0.04  to  0.05 
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Per  cent. 

Albumen  (and  caseine)    .        •        .        •      2.2    to    8.0 

Creatine 0.07  to    0.14 

Creatinine  (undetermined). 

Inosic  acid         (do.). 

Fat,  within  the  myolemmata  and  in  the 

blood  between  the  perimysia 
Lactic  acid  (C^Hp^HO) 
Phosphoric  acid       •        •        .        . 

X^Ownoo&     •••••• 

OOQa  •••••• 

Chloride  of  sodium  (potassium) 
Lime       •••••• 

Magnesia 

The  color  of  muscular  fibre  is  due  not  to  the  blood  in  the  ves- 
sels, bat  to  a  peculiar  pigment,  very  similar  to  the  hsematine  of  the 
blood,  but  probably  not  identical  with  it.  At  least,  it  adheres  in  a 
ftee  state  to  the  fibrillse,  since  it  may  be  extracted  from  them  by 
water,  and  coagulates  with  the  albumen  of  the  muscular  fluid.  It 
is  not  essential  to  contractility;  since  the  muscles  of  many  animals 
mre  white,  though  perhaps  as  vascular  as  the  red  muscles  of  other 
species. 

Another  physical  property  of  striated  muscular  tissue — elasticity 
—will  be  described  in  the  next  section. 

Distrihution  of  Striaied  Muscular  Fibre. 

The  striated  muscular  fibre  is  the  peculiar  tissue  of  the  muscles 
properly  so  called ;  while  none  of  the  latter  are  ever  formed  of  the 
smooth  fibre,  as  already  stated.    It  is,  therefore,  distributed : — 

1.  In  all  the  muscles  proper  in  the  body,  including  the  internal 
(diaphragm,  levator  ani,  those  of  the  eyeball,  &c.),  as  well  as  those 
of  the  headf  neck,  trunk,  and  extremities. 

2.  In  the  heart  and  the  great  veins  opening  into  it — ^the  inferior 
cava  to  the  diaphragm,  and  the  superior  cava,  and  the  innominatae, 
to  the  clavicles. 

8.  Scattered  striated  fibres  are  found  in  the  oesophagus,  and  also 
in  the  round  ligaments  of  the  uterus — mixed  with  the  smooth 
fibres. 
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Distribution  and  Peculia 


Forms  of  Striated  Fibre  it 
Animah. 


the  Low«A 


I,  In  the  vertehrata,  generally,  the  distribation  of  Btmted  Ebne 
is  aa  in  rnan.     The  following  peculiarities  are  noted ; — 

1.  In  the  oesophagus  (with  smooth  fibres),  of  some  mamtnalit 
and  of  the  plagioatotne  fishes ;  around  the  contractile  organ  of  Un 
pharynx  of  the  carp ;  and  in  the  stomach  of  cobites  J'ossilis,  and  Ha 
intestine  of  tinea  clirysitiB,  and  around  the  anal  glands  and  Cowpert 
gland  in  mammals. 

2.  In  the  skin  of  some  mammalia,  birds,  serpents,  and  tailleii 
batrachians  (frog,  &c.),  and  the  tactile  hairs  of  mammals. 

3.  In  the  lymph-hearts  of  many  birds  and  amphibia;  and  iotbe 
right  auriculo-ventricular  valve,  in  birds,  and  the  ornithorhynchQi. 
Also  in  the  inferior  vena  cava  of  the  seal,  close  above  the  di» 
phragm. 

4.  In  the  interior  of  the  eye  in  birds,  and  around  the  poison- 


The  anastomosing  fibres  already  mentioned,  probably  occur  in 
the  hearts,  and  the  lymph-hearts  of  all  animals.  Branched  fibre* 
also  occur  in  the  tongue  of  all  the  vertebrata  probably ;  and  an 
found  in  the  upper  lip  of  the  rat. 

II.  In  the  invertebmta,  all  the  muscular  fibres  belong  geneticsllr 
to  the  striated  form,  whether  they  are  clearly  striated  or  not 
(KsUiker.)  The  muscles  of  insects,  and  of  the  medusie,  and  indeeii 
the  heart,  intestine,  and  muscles  of  the  genital  organs,  of  the  inrer- 
tebrata  generally,  are  distinctly  striated.  Il  is  only  oeccssarr, 
therefore,  to  notice  the  peculiar /wma  of  striated  fibre  in  this  class, 
which  are  enumerated  by  KoUiker. 

1.  Muscular  tubes,  with  homogeneous  semi-solid  non-striatei! 
contents;  i.  e.  the  fibre  is  like  the  non-striated  or  smooth  fibre,  with 
a  distinct  myolemma;  as  in  most  of  the  mollusca,  annelids,  and 
radiata. 

2.  Tubes  (myolemmata),  containing  a  semifluid,  homogeneous 
layer  in  contact  with  them,  and  a  fluid  or  granular  central  sub' 
stance  frequently  transversely  striated  or  nucleated ;  as  in  Lumbri- 
cidie,  Hirudinidffi,  Carinaria,  and  Petromyzou  and  Paludiua  in 
part. 

3.  Similar  tubes,  having  th  e  cortical  layer  of  their  contents  trans- 
versely striated,  but  not  divisible  into  distinct  fibrillin;  as  ia  muiy 
muscles  of  the  HirudinidtD.  This  form  is  found  in  the  tongui^ 
pharynx,  sphincter  ani,  kc,  of  Bshes  even.  These  tubes  contain  a 
fluid  in  their  centre. 

4.  Tubes  precisely  like  the  preceding,  except  that  they  have  no 
central  cavity  (i.  e.  are  demi-solid  throughout),  and  break  often  into 
disks,  though  not  into  flbrillso ;  as  in  many  Articulata  (Salpa),  and 
some  Kadiuta. 


STRIATED  VDSOULAR  FIBBB.  699 

6.  Tabes  readily  breaking  into  fibrillse;  or  precisely  like  tke 
striated  fibre  id  the  Hatnmalia,  as  in  certain  muacles  of  insects. 

6.  Lastly,  simple  isolated  cells,  oontaioing  a  transversely  striated 
substaoce  which  fills  the  whole  cell  or  only  forms  a  thin  layer  upon 
its  internal  sur&ce.  These  exist  also,  according  to  KoUiker,  in  the 
endocardinra  of  the  Bamitiantia;  constituting  the  peculiar  cartila- 
ginous striae  first  observed  by  Furkinje. 

Developmmt  of  ^riated  Mvxular  Fibre. 

The  myolemma  is  formed  originally  of  nucleated  cells,  first  eo- 
■lesciog  and  then  becoming  absorbed  where  they  come  into  con- 
tact, so  as  to  form  tubes  closed  at  both  extremities.  Snbsequeatly 
tlie  original  homogeneous  contents  of  the  fonnattve  cells  are  re- 
[daced  by  the  fibrilhe,  and  thus  the  development  of  the  fibre  is  com- 
pleted. In  many  cases  the  layer  of  the  contents  next  the  myoletn- 
ma  alone  gives  place  to  the  inyoline;  while  the  central  part  still 
appears  like  a  canal  within  the  fibrils.  It  has  been  seen  that  this 
H  the  permanent  form  of  the  striated  fibre  in  some  insects.  After 
the  fibrillse  are  developed,  and  before  birth,  the  nuclei  disappear, 
and,  with  the  exception  of  being  smaller,  the  fibres  present  the  same 
^^>earaDce  as  in  the  adult. 

More  particularly — in  the  embryo — at  the  end  of  the  second 
month,  the  fibres  hare  the  form  of  elongated  bands  yjiogof  an  inch 
broad,  wi^i  nodular  enlargements  at  difierent  points  where  elon- 
gated nuclei  are  situated.    (Fig.  25S.)    These  bands  have  either  a 


Fig.  293. 


Fig.  254. 
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homogeneons  or  a  finely  granular  aspect,  and,  rarely,  exhibit  a  faint 
trace  of  transverse  striation.  In  the  fourth  month,  they  are  mostly 
from  73^s^  to  ji^jfxf  of  an  inch  in  diameter.  The  larger  onesy  though 
still  flattened,  are  now  of  uniform  width,  thicker  than  before, 
transversely  striated,  and  with  fibrils  capable  of  being  isolated. 
(Fig.  253,  8).  The  musculine  does  not,  however,  yet  entirely  fill  the 
myolemma,  but  forms  a  tube  in  contact  with  its  inner  surface,  con- 
taining some  of  the  original  contents  of  the  myolemma  in  its  cen- 
tre. Thus  the  musculine  is  the  part  of  the  fibre  which  is  last  de- 
veloped. The  myolemma  may  occasionally  be  raised  like  a  very 
delicate  membrane,  by  the  imbibition  of  water.  The  nuclei  still  lie 
close  upon  the  myolemma,  as  at  first,  and  are  rapidly  multiplying; 
being  much  more  numerous  than  at  first,  and  often  found  in  groups 
of  three  or  four,  or  even  six,  which  are  sometimes  arranged  serially. 
They  are  all  vesicular,  with  very  distinct,  simple,  or  double  nucleoli, 
and  frequently  with  two  secondary  cells  in  their  interior,  showing 
the  endogenous  development  of  the  nuclei  from  the  original  ones. 
At  birth,  the  fibres  are  jx'ia  ^  tvVt  ^^  ^^  ^^^^^  ^^  diameter;  are 
solid,  rounded,  polygonal,  and  longitudinally  and  transversely  stri- 
ated, as  in  the  adult;  and  the  nuclei  have  disappeared.  (Fig.  253,5.) 

Thus  the  myolemma  represents  the  sum  of  the  membranes  of  the 
original  coalesced  cells,  and  the  fibrillsB  are  the  altered  contents  of 
the  original  tubes  (myolemmata).  A  fibre,  therefore  (and  not  a 
fibrilla,  as  Leidy  and  Reichert  maintain),  is  histologically  analogous 
to  a  contractile  fibre-cell  (p.  390);  and  the  latter  may  be  regarded 
as  a  lower  development  of  the  former. 

The  growth  of  the  striated  muscular  fibre,  must  be  referred  prin- 
cipally at  least,  to  increase  in  the  number  of  the  fibrillaB,  and  of 
course  of  the  size  of  the  myolemma  containing  them.  In  other 
words,  each  fibre  grows  larger,  while  there  is  no  proof  that  new 
fibres  are  formed  even  after  the  middle  period  of  intra- uterine  life. 
Thus  the  fibres  are  about  five  times  as  thick  in  an  embryo  at  four 
or  five  months  as  at  two  months;  and  three  or  four  times  as  thick 
in  the  new-born  infant  as  at  the  period  first  mentioned.  In  the 
adult,  they  are  perhaps  five  times  as  thick  as  at  birth.  Donders 
thinks  the  number  of  the  fibrillcB  is  the  same  in  the  young  and  the 
adult  animal,  and  that  they  only  increase  in  size;  they  being  \  to 
f  smaller  in  the  calf  than  in  the  ox.  KoUiker,  however,  relying 
on  Harting's  assertion  that  they  are  but  little  thicker  in  the  adult 
than  in  the  foetus,  believes  their  number  increases  in  each  fibre. 
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Fig,  265. 


Striated  muscular  fibre  is  not  Regenerated;  and  wounds  in  mua- 
cles  heal  simply  with  a  tendinous  callus. 

The  development  of  the  accessory  parta  of  muscles  (tendons,  &c,) 
is  included  under  that  of  the  muscles  as  distinct  organs  (Section  II.). 

The  Function  of  Striated  Afvscidar  Fibre. 

Striated,  like  smooth  muscular  fibre,  ia  distinguished  by  the  vital 
property  of  contractUiti/ ;  but,  unlike  the  lattor,  the  former  may  be 
roade  to  contract  voluntarily.  The  direct  result  of  the  contraction 
of  the  striated  fibres  in  a  muscle,  is  a. 
Bhorteningof  it;  which  approximates  its 
two  extremities,  and  at  the  same  tima 
produces  motion  of  one  of  the  parts 
(usually  a  bone)  to  which  it  is  attached. 
Bat  we  have  here  to  speak  of  the  con- 
traction of  single  fibres  only. 

If  a  striated  fibre  be  observed  while 
contracting,  it  is  seen  to  become  shorter 
aud  thicker;  the  atriua  approach  each 
other  [Fig.  255);  and  sometimes  the 
mnscular  fluid,  forced  out  from  between 
the  fibrillar,  causes  the  myolemma  to  i.riibr.o(ih«rt»i*.  Th.upj«™ow 
project  at  points,  forming  bullte,  as  seen  '^"^"^,["^^",1^11^^. 
in  Fig.  25U,  It  is  scarcely  profitable  to  ".  ".  -^  anccMrint  ■■w»tpi."  -f  oon- 
inqnire  what  causes  the  shortening  of  iMb.""*™, tlrkJ^\™*™i^i'rf 
the  fibre,  by  the  approximation  of  ita  ih"  mirjiii,  mn  .pproiimwiQii  of  th« 
disks,  since  it  is  a  i-ilnl  act;  and  the  darkcnUi  or  tb<  tiwii.  A,i,i.siai- 
merely  chemical  explanation  suggested  '"  "»""■■  *""  moTini  »ioiif  ib* 
by  Liebig  is  altogether  unsatislactory. 

But  thai  the  musculine  alone  ia  endowed  with  the  property  of  con- 
tractility, is  sufiiuiently  certain. 

Pig.  2SS. 


It  ia,  however,  the  fact  that  ordinarily  (and  perhaps  always)  the 
immediate  stimulant  to  contraction  of  the  Etriated  fibres  is  an  influ- 
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ence  imparted  by  a  nerve  distributed  among  them  in  the  muscle. 
Electricity,  galvanism,  and  a  variety  of  other  agents,  will,  however, 
excite  it  in  muscles  in  the  living  body,  or  in  portions  removed  from 
the  same.  In  fact,  the  only  way  in  which  a  muscular  fibre  can 
react  vitally  when  acted  upon  by  any  external  agent,  is  by  con- 
tracting, since  this  is  its  peculiar  vital  endowment.  The  shortening 
also  occurs  instantaneously. 

The  chemical  changes  which  attend  the  contraction  of  a  fibre 
are  not  all  understood.  There  is,  however,  reason  to  believe  that 
the  substance  of  the  fibrillse — the  musculine — alone  is  concerned 
actively  in  the  contraction,  and  alone  undergoes  chemical  changes 
during  it.  It  is  also  certain  that  the  contact  of  oxygen  is  necessary 
to  the  contraction  of  a  fibre,  and  that  during  it  carbonic  acid  gas  is 
formed  within  the  fibres,  aad  not  in  the  bloodvessels  distributed 
among  them;  while  the  temperature  of  the  muscle  also  rises  two  or 
three  degrees.  {Becquerel  aiid  Breschet.)  Hence  the  contractility  of 
a  set  of  muscles  is  lost  if  their  supply  of  blood  is  cut  o£ 

The  extent  to  which  a  fibre  may  become  shortened  during  con- 
traction seldom  if  ever  exceeds  two-thirds  of  its  length;  or  reduces 
the  fibre,  to  one-third  of  its  original  length.  Some  give  one-third 
as  the  usual  amount  of  shortening,  the  fibre  then  being  two-thirds 
its  original  length.  KoUiker  states  that  the  average  shortening  is 
three-fourths  {i,  e.  down  to  one-fourth),  and  in  powerful  muscles  even 
five-sixths  (or  down  to  one-sixth),  of  the  original  length.  Hassall 
estimates  the  shortening  at  one-third  to  one-half  only,  of  the  original 
length. 

In  ordinary  circumstances,  not  all  the  fibres  in  a  muscle  contract 
simultaneously;  but  each  contracts  for  an  instant  and  relaxes,  while 
of  the  rest  some  are  contracting  at  the  same  time,  and  others  follow 
these  in  their  turn.  It  is  probably  only  when  the  most  powerful 
muscular  efforts  are  made  that  all  the  fibres  of  a  muscle  contract  at 
once. 

The  absolute  extent  of  motion  (or  shortening)  produced  by  a 
striated  fibre  will,  therefore,  depend  on  its  length;  while  its  con- 
tractile force  or  strength  will  depend  on  its  size,  it  being  stronger 
in  proportion  to  the  area  of  the  transverse  section  of  the  musculioe 
(and  of  the  fibrillar)  within  its  myolemma. 

So  long  AS  a  muscular  fibre  is  in  a  state  of  perfect  nutrition,  it  also 
manifests  a  slight  but  constantly  exerted  tension,  called  tone  or  tani- 
cittfj  and  in  regard  to  the  nature  of  which  very  diverse  opinions 
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bftve  been  held.  This  property,  however,  diminishes  in  proportion 
to  the  duration  of  the  contractions  of  the  fibre,  and  is  not  again  re- 
covered till  the  fibre  has  had  time  to  rest.  It  does  not  appear  to 
depend  upon  the  constant  influence  of  the  spinal  cord,  or  on  any 
other  merely  nervous  agency.  But  that  it  depends  merely  on  a 
healthy  nutrition,  and  is  the  expression  of  the  fitness  of  the  muscle 
for  action,  is  rendered  quite  probable  from  the  effect  of  rest  in 
restoring  it,  and  from  the  loss  of  tone  and  the  flabby  state  which  are 
consequent  upon  long-continued  exertion.  This  tensive  force  being 
constantly  exerted  in  ordinary  circumstances,  produces  the  some- 
what flexed  position  of  the  limbs  in  a  sound  sleep;  since  the  flexors 
are  so  inserted  as  to  act  to  greater  advantage  than  the  antagonizing 
extensors,  though  actually  less  strong  than  the  latter.  It  also  ac- 
counts for  the  habitual  closure  of  most  of  the  sphincter  muscles,  and 
the  deviation,  to  one  side,  of  the  tongue  or  of  the  mouth  when  the 
muscles  of  the  opposite  side  are  paralyzed.  In  all  similar  cases, 
the  sound  muscles  are  not  in  a  state  of  incessant  oantracttonj  as  often 
asserted ;  but  merely  in  a  state  of  tension,  and  at  rest,  while  the 
antagonizing  muscles  have  lost  both  their  contractility  and  their 
tonicity. 

The  use  of  the  muscles  is  inferred  from  the  preceding  remarks, 
and  will  be  particularly  specified  in  the  second  section  of  this 
chapter. 

Modifications  of  the  GorUractiliiy  of  the  Striated  Muscular  Fibre. 

1.  An  increased  or  an  irregularly  acting  contractile  force  of  the 
striated  fibres  constitutes  spasm.  If  the  contraction  is  constant,  it 
is  termed  tonic  spasm  (as  tetanus,  trismus,  &c.) ;  if  irregular  and  in- 
termitting, it  is  clonic  spasm,  or  convulsions  (epilepsy,  chorea,  &c.). 

2.  A  loss  of  contractility  constitutes  paralysis^  and  in  which,  if 
complete,  all  motion  is  of  course  impossible. 

8.  The  rigor  mortis  is  that  tonic  spasm  of  all  the  muscles  which 
usually  comes  on  several  hours  after  death. 

It  is  in  some  rare  cases  entirely  absent — as  after  death  by  light- 
ning or  by  asphyxia.  It  may  also  be  so  slight,  and  last  so  short  a 
time,  as  to  escape  observation.  It  affects  the  muscles  in  the  follow- 
ing order :  those  of  the  neck  and  lower  jaw ;  those  of  the  trunk ; 
and  those  of  the  lower  and  the  upper  extremities.  It  departs  also 
in  the  same  order. 

It  affects  all  the  muscles  with  nearly  the  same  intensity;  the 
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flexors,  however,  being  usually  more  contracted  than  the  exten- 
sors, flexing  the  Angers  on  the  palm,  and  the  forearm  on  the  arm, 
and  closing  the  mouth  if  the  lower  jaw  had  previously  fidlen.  It 
is  equally  intense  even  in  muscles  paralyzed  by  hemiplegia,  pro- 
vided they  have  not  become  much  atrophied. 

The  period  elapsing  after  death  before  its  supervention,  and  its 
duration,  are  variable.  It  usually  occurs  within  seven  hours,  and 
continues  from  twenty -four  to  thirty-six  hours.  But  twenty  or  even 
thirty  hours  may  elapse  before  it  supervenes,  and  it  may  be  pro- 
longed through  several  days.  Its  departure  is  immediately  followed 
by  decomposition.  When  early  developed,  it  lasts  but  a  short  time, 
and  vice  versa.  Any  cause  which  has  exhausted  the  muscular  energj 
before  death,  causes  the  rigor  mortis  to  come  on  and  to  pass  oflf 
sooner — as  a  protracted  disease,  or  violent  efforts.  Indeed,  power- 
ful stimulation  of  the  muscles  by  electrical  currents,  immediately 
after  death,  also  produces  the  same  effect.  The  following  results 
were  obtained  by  M.  Brown-S^uard,  who  experimented  on  four 
rabbits,  reserving  a  fifth  for  comparison : — 

1.  Not  electrized;  rigidity  occurred  in  10  hours,  and  remained  192 

hours. 

2.  Feebly  electrized;  rigidity  occurred  in  7  hours,  and  remained  144 

hours. 
8.  Somewhat  more  electrized;  rigidity  occurred  in  2  hours,  and  re- 
mained 72  hours. 

4.  Still  more  strongly  electrized;  rigidity  occurred  in  1  hour,  and 

remained  20  hours. 

5.  Submitted  to  a  powerful  current;  rigidity  occurred  in  7  minutes, 

and  remained  25  minutes. 

In  animals  hunted  to  death,  the  rigidity  comes  on  very  early,  and 
lasts  but  for  a  short  time. 

On  the  other  hand,  M.  Brown-S^quard  found  that  the  rigor 
mortis  is  deferred  by  injecting  the  muscles  with  fresh  blood,  after 
death.  Stannius  also  found  it  to  occur  even  in  living  animals,  if 
the  supply  of  blood  to  a  group  of  muscles  is  entirely  cut  off  After 
death  from  typhus,  the  limbs  sometimes  stiffen  within  fifteen  to 
twenty  minutes.  It  also  occurs  rapidly  in  infants,  and  in  old 
people. 

It  should,  however,  be  remembered  that  in  certain  states  of  the 
muscular  and  nervous  systems,  a  tetanic  rigidity  immediately  en- 
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saes  after  death,  and  which  may  be  mistaken  for  the  rigor  mortis. 
This,  however,  is  in  a  few  hours  succeeded  by  a  state  of  relaxation 
of  the  muscles,  and  then  the  ordinary  rigor  mortis  supervenes. 

A  knowledge  of  all  the  facts  connected  with  this  subject  is  essen- 
tial in  certain  judicial  investigations;  in  regard  to  which  the  works 
on  medical  jurisprudence  may  be  consulted.  Its  cause  is  not  under- 
stood. It  does  not,  however,  depend  upon  the  diminished  tempera- 
tore  of  the  dead  body,  since  it  oflen  occurs  while  the  latter  is  still 
warm;  nor  is  it  produced  by  the  coagulation  of  the  blood,  though  in 
those  cases  of  death  in  which  the  blood  does  not  coagulate  (p.  94,  vi.), 
the  rigidity  usually  manifests  itself  least.  We  can  hardly  say  more 
than  that  the  rigor  mortis  is  the  last  vital  act  of  the  muscles,  as  the 
coagulation  of  the  blood  is  of  the  fibrine  (p.  98,  III.). 

It  should  be  here  added,  however,  that  the  rigor  mortis  is  equally, 
if  not  more  remarkable  in  the  smooth  muscular  fibre.  The  arte- 
ries contract  so  as  to  force  their  blood  into  the  venous  system;  which 
•hnost  invariably  occurs  a  few  hours  after  death.  They  then  en- 
large as  the  rigidity  passes  off,  and  become  quite  flaccid.  Hence 
the  old  physiologists  believed  that  the  arteries  naturally  contained 
not  blood,  but  air,  and  named  them  accordingly.'  The  alimentary 
canal,  the  bladder,  and  the  bronchial  tubes  are  also,  for  a  time  after 
death,  contracted  in  a  similar  manner ;  and  the  post-mortem  con- 
traction of  the  parturient  uterus  in  patients  who  had  died  unde- 
livered, has  been  known  in  several  instances  to  expel  the  foetus. 

The  "  concentric  hypertrophy"  of  the  heart,  as  it  was  formerly 
called  (this  organ  being  thicker  than  usual  and  smaller),  has  been 
shown  by  Mr.  Paget  to  be  merely  the  state  of  cadaveric  rigidity 
which  usually  occurs  in  that  organ.  The  ventricles  become  rigid 
and  contracted  within  an  hour  or  two  after  death ;  and  usually  re- 
mlEiin  in  that  state  for  ten  or  twelve  hours  (sometimes  twenty -four 
or  thirty-six  even),  when  they  again  relax  and  become  flaccid. 

Of  the  hwer  animals  the  rigor  mortis  occurs  most  rapidly  in  those 
possessing  the  greatest  muscular  irritability  (e.  g,  in  birds),  and  vice 
versa — slowest,  therefore,  in  reptiles  and  fishes. 

Pathological  Conditions  and  New  Formations  of  Striated  Muscular 

Fibre. 

1.  Hypertrophy  scarcely  occurs  except  in  case  of  the  tongue,  heart, 
and  certain  respiratory  muscles;  though  the  increased  development 

'  From  «iif,  air,  and  ri^«,  to  keep  or  hold — an  air-bolder. 
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ioduced  by  exercise  is  constantly  seen.  Mere  increased  01MOL  _ 
origiQal  fibres  may  account  for  the  eEFects  of  exercise,  bm  tliereil 
probably  a  growlli  of  new  fibres  in  the  forrcer  case.  Wedl  asserta 
that  the  number  of  fibrillEe  in  the  fibres  is  increased  in  pathological 
hypertrophies;  and  in  hypertrophied  heart  the  fibres  are  of  a  tawnj 
or  rusty-Drown  color,  soil,  and  sometimes  anastomosing,  aa  seen  in 
Fig.  257.  It  is  also  certain  thtt 
Fig-  2S7-  in  hypertrophied  muscles  the  con- 

nective tissue  between  the  fibres 
sometimes  becomes  hypertrophied. 
2.  Atrophy  of  muscles  is  very 
common,  and  occurs  in  old  age, 
from  lead -poisoning,  from  paraly^ 
sis  (especially  of  the  tongue),  and 
from  the  development  of  cancer, 
fibrous  tumors,  fat.  lit:.,  in  the  sub- 
stance of  the  muscles.  All  cauBca 
of  general  emaciation  also  pro- 
duce it. 

In  extreme  old   aee,    Kolliker 

BUHiiiiT  nofM  la  B  nTponronniea  own.      «  .  .,        -.,  ?,  ' 

u.  Aiabdindiog.irtuniab™,  >ruhdirif  j-ei-    founcl  toe  fabres  small,  sometimes 

lo«  plgmsnt  molKnln  In  tht  mjolKmmt.    b.      not  mOre  than  jd'ob  tO  ti'oO  °^  ^'^ 

Aiii-Ddncdichuininoiiitibn.  e.  AmutonomtDg    inch  10  diameter;  mostlv  withonl 

tinct;  and  often  containing  yellow- 
ish or  brown  granules  juiun  of  an  inch  in  diameter,  in  large  quan- 
tity, and  very  many  vesicular  nuclei  with  nucleoli,  together  with  » 
clear  Quid. 

In  paro/i/acrf  musclea,  Valentin  found  the  transverse  striie  were 

indistinct,  or  bad  actually  disappeared,  and  could  not  be  ma<le  to 

appear  by  water,  alcohol,  &c. ;  while  the  longitudinal  striae  remained, 

but  resembled  those  of  macerated  muscle. 

Fig.  268.  Subsequently  the  altered  fibres  disappeared 

i  in  part,  and  were  partly  replaced  by  fat. 

In  3i  pectoralis  »7w;or  atrophied  by  cancer, 
KolH  ker  noticed  conditions  simitar  to  tboM 
in  okl  age.     He  also  found  cells  in  manTOT 
tbe  fibres  exactly  resembling  the  w>called 
cancer-cells,     Wedl  states  that  in  atropbf 
soma  of  tbe  fibrillse   undergo  absorptioo. 
The   fibre  also  manifests  a  diminished  co- 
hesion, and  is  easily  lacerated ;    the  mj)^ 
lemma  being  easily  torn  as  well  as  tbe  m^ 
,1  u,D^c»i»r  Qjjjig  within.    (Fig.  258.) 
-^^14(4       ^-  In/a/l^e%enera(ibnofmuaclefl,inioBtt 
I  fat-globules  are  developed  within  the  mjo- 

lemma,  in  place  of  the  fibrillce,  which  pft- 
dually  disappear.     The  fat-dropsalsoaccumulata  between  tbefibns; 


8TBIATED  HUSOULAB  FIBRS. 


and,  finally,  the  latter  to  a  greater  or  less  extent  disappear,  and  give 
place  to  areolar  tissue  and  fat-cells.    (Fig.  259.) 


■  of  Um  uHnl  nlTCa 
Iha  TMirlcIa,  whm  th*  Bbna 
ib«irlii|  an  e&tlrfl  r«pt&iwiD«Bi 
From  tlu  Ttfbt  irvntrlele  of  an 


Mill  rMBlHd  Ibalt  ittlia.  l.  1b  ailcrae  at  of  fillj  itg< 
•(  (h*  Bjallu  t>r  oil  (IsbDln,  lUII  nulBinf  i  linear  am 
•Id  fiBlleBaB  «bo  ba4  Bri|b|-i  Uhbh  of  Iba  klrUar  bi 
vMk  ■■■  dnrlB(  Iba  lait  two  r«n  at  Ui  Ufa. 


4.  The  condition  of  the  fibres  in  emadaied  muscles  is  unknown. 
Donden  found  them  more  slender  in  a  frog  which  had  lasted  eight 
months;  which  he  attributed  mainly  to  the  removal  of  the  mosciSar 
flaid  from  between  the  fibrillse. 

6.  Palerteaa  of  the  muscles  la  common  in  dropsy,  chlorosis,  para- 
lysis, lead-poisoning,  old  age,  &c.;  the  coloring  matter  being,  per- 
haps, converted  into  the  numerous  brown  and  yellow  granules 
before  mentioned  as  appearing  within  the  myolemma. 

6.  Softening  often  accompanies  paleness.  In  the  former,  the  fibres 
exhibit  no  transverse  strife  nor  fibrils ;  and  readily  break  up  into 
numerous  particles,  or  even  into  a  pultaceoua  mass. 

7.  Muscular  fibres  ruptured  in  tetanus,  present  numerous  nodular 
enlargements,  in  which  the  transverse  striie  are  very  closely  approx- 
imat^;  and  between  them  either  rupture  of  the  fibrilLe,  or  at  least 
a  considerable  stretching  and  disorganization  of  them. '  {Bowman^ 

8.  Qmcrtiiont  sometimes  exist  in  muscles.  The  state  of  the  fibres 
has  not  been  investigated. 

9.  True  bone  is  also  sometimes  formed  in  muscles  subjected  to 
prolonged  exercise,  as  the  deltoid  and  some  others.  The  precise 
changes  in  the  fibres  in  this  case  also  are  unknown. 

10.  Of  paran'tea  in  muscles,  the  Cyaticercus  ceUulosa,  and  the  7W- 
ekina  spiralis  are  to  be  mentioned.  These  are  contained  in  distinct 
cysts ;  and  which  are  situated  between  the  fibres. 

11.  Bokitaneki  found  a  new  formation  of  the  striated  muscular 
fibres  in  a  tumor  of  the  testis  of  a  person  eighteen  years  old;  and 
Yirchow  also  onoe  detected  it  in  an  ovarian  tumor. 
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BTBUQTDKK  OP  TUK  MOBOLES. 

The  muscles  consist  of  striated  muscular  tissue,  areolar  tia 
vesBels,  and  nerves;  and  all  the  longer  fusiform  muscles  (as  of  the 
,  extremities)  contain  a  considerable  amount  of 

the  white  fibrous  tissue  also. 

The  last-mentioned  muscles  may  each  be 

divided  into— ^rs(,  the  aponeurosis  of  origin; 

ly,  the  tendon  by  which  they  are  iuaerted 


iw  npnMomiii  of  origin  i<     into  thc  boue  or  other  organ  to  be  moved  by 
ij! Biai  «■  taiiT'bo.™ B     them;  t/drdly,  the  belly,  or  intermediate  por- 
«snM  5;  ud  ih«  undoD     tion.  (Fig.  2t)0.)     Each  of  these  will  be  sepa- 
rately described. 

1.  The  aponenroses  are  composed  of  white  fibrous  tissue,  and  are 
generally  flattened  into  the  form  of  a  membrane.     Their  structure  , 
baa  already  been  specified  (p.  278,  2). 

2.  The  tettdms  are  also  cords  of  white  fibrous  tissue,  like  tfai 
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Bents,  R&d  coDtftining  very  few  elastic  fibres.     Tha  fasciculi  of 
*^  ^soUagenous  tissue  are  inclosed  in  uheaths  of  areolar  tissue,  which 
^^v   forms  delicate  dissepiments  penetrating  the  substance  of  the 
^MidoQs,  as  shown  in  Fig.  261 ;  then  several  of  the  primary  fasciculi 
^p<^v  to  ten)  are  collected  into  large  bundles — the  secondary  iasci- 
B^i.     Finally,  the  vessels  are  distributed  in  the  spaces  between  the 
P^tieuli  (Fig.  176);  elastic  fibres  are  also  sent  into  them,  and  the 
^«ole  is  invested  by  a  sheath  of  areolar  tissue  (p.  278,  1), 
7      The  elastic  fibres  require  a  particular  description,  however.     In 
^^  .tnuuverse  section  of  a  tendon,  their  extremities  are  seen  as  dark 
iVMntB  in  the  substance  of  the  fasci- 
^^lli,  at  constant  distances  of  jVod  to 
"^^^1  of  an  inch  apart,  over  the  whole        S:--'  ■/• 
^ULlion ;  and  being  j^Juj  to  ^^Un        K--.' 
^it  an  inch  in  diameter.     (Fig.  262.) 
TTfaese  are  also  connected  together  in      '   - 
"Tarious    directions    by   other   finer        f-  ■ 
^bres,  bdJod  ^  ibJo,  of  an  inch  in       I 
diameter,  so  that  there  is  in  tendons 
an  elastic  network  penetrating  and     i,    \ 
entwining    the    collagenous    tissue. 
Theae  aie  sometimes  seen  in  trans- 
Terse  sections,  as  lines  radiating  from 
the  coarser  points  before  mentioned.    ^  vtiaL} 
Besides,   the  tendons  in   certain    *^™-  <■ 
Situations  contain  cartilage-cells,  as 

well  as  even  fat-cells — as  in  the  intercostal  muscles,  the  masseter,&c. 
The  glistening  appearance  of  the  tendons  depends  upon  their 
transversely  banded  aspect,  as  seen  under  the  microscope ;  and  the 
latter  is  produced  by  the  numerous  curves  in  the  fibres,  which  cor- 
respond with  each  other  throughout  the  fasciculos.  The  curves  are 
doubtless  produced  by  the  elastic  tissue  in  the  fasciculus,  and  there- 
fore at  once  disappear  when  the  tendon  is  stretched. 

The  teudoDS  consist  of  62.03  per  cent  of  water  {GhevTettiT);  they 
oontaining  considerably  less,  therefore,  than  the  muscular  tissue 
(p.  896). 

8.  The  belly  of  the  fusiform  muscles,  and  the  red  portion  of  all 
others,  is  the  only  portion  that  pre.sents  a  peculiar  structure,  aa 
alone  oontaining  the  muscular  tissue;  and  this,  therefore,  will  be 
particularly  described.    It  consists  of — 
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1.  The  striated  muscular  fibres. 

2.  Areolar  tissue. 

S.  Bloodressels,  lymphatics,  and  oenres. 

The  last  three  will  be  deBcribed  after  the  two  preceding  topics, 
and  the  connection  of  the  tendons  with  the  bonea  and  the  moscnlar 
fibres,  have  been  disposed  of. 

1.  The  striated  muscular  fhres,  already  described,  are  collected 
together  into  buodlea  (fasciculi),  each  inclosed  in  a  sheath  oX  areo- 
lar tissue  (internal  perimysium');  these  are  collected  together  iDto 
larger,  and  the  latter  into  still  larger,  bundles — secondary  and  ter- 
tiary fasciculi;  and  finally  the  whole  is  inclosed  in  a  sheath  of 
areolar  tissue — the  external  ^erimytivm.  These  parts  are  seen  tn  ■ 
transyerse  section  of  a  muscle,  Fig.  263.   The  primary  fasciculi  are 

Fig.  263. 


^ij  to  3*;  of  an  inch  thick.  The  secondary  and  the  tertiary  vary 
extremely  in  their  dimensions.  They  are  very  evident  to  the  un- 
aided eye  in  the  coarser  muscles,  especially  the  glutsaus  mazimus 
and  the  deltoid. 

The  direction  of  the  fibres  sometimes  corresponds  with  that  of 
the  tendon,  and  sometimes  meets  the  latter  at  an  acute  angle  (semi- 
tondinosus,  &a.).  In  the  former  case  they  are  longer  than  in  the 
latter;  sometimes,  indeed,  extending  through  the  whole  length  of 
the  belly  of  the  muscle— as  in  the  sartorius. 

2.  The  areolar  tissue  constituting  the  muscular  sheaths  (perimyna) 

'  From  (rfii,  aninnd,  and  ^c,  ■  mnael«.  All  the  Interfascionlar  kr«o1»r  titfiw 
taksD  together  ii  tometlmea  o&Ued  the  intemkl  perimTBlum. 
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both  supports  and  transmits  the  vessels  and  nerrea,  and  also  incloses 
and  supports  the  muscular  fibres  while  in  action.  The  external 
perimysium  contains  more  elastic  tissue  than  the  internal;  and,  in 
estimating  its  function,  it  maj  be  regarded  as  a  semi-elastic  mem- 
brane. Liebig  found  about  5.6  per  cent,  of  the  muscle  to  be  con- 
nective tissue ;  Von  Bibra  but  2.2  per  cent  There  is  proportionally 
more  in  the  calf  than  in  the  ox, 

Tq  all  muscles,  but  especially  the  laxer  in  structure,  a  certain 
number  of  adipose  cells  also  are  found  in  the  areohe  of  the  peri- 
mysia;   and   these  frequently  contain  beautiful 
crystals  of  margaric  acid  (p.  298).    In  fat  persons 
these  cells  are  quite  abundant  among  the  primi- 
tive fasciculi  even. 

Connectiont  of  t/te  Tendons  at  their  Extremities. 

The  tendons  are  connected  at  one  extremity 
with  the  belly  of  the  muscle  (or  the  part  contain- 
ing the  muscular  fibres),  and  at  the  other  with  the 
bones  or  other  parts  moved  by  the  muscles. 

I.  The  tendons  are  connected  with  the  muscu- 
lar J3>res  in  two  ways:  1.  When  the  latter  lie  in 
the  direction  of  the  axis  of  the  muscle,  and  thus 
extend  through  the  whole  length  of  the  belly  of 
the  latter,  they  pass  directly  into  the  fibres  of 
the  white  fibrous  tissue  in  the  tendon,  in  such  a 
way  that  there  is  no  sharply  defined  limit  be- 
tween the  two  tissues;  the  tendinous  fibre  being 
nearly  equal  in  size  to  the  muscular,  and  appear- 
ing to  be  actually  continuous.'  (Fig.  264.)  2.  But 
when  the  muscular  fibres  join  the  tendons  at  an 
acute  angle — as  in  the  penniform  muscles — the 
microscopic    conditions   are   entirely   difiereut ;      ^  ■ 
there  being  an  abrupt  limit  between  the  two  tis-   „i  \ 
sues.     Here  the  muscular  fibres  end  neatly  in  an   "'  ™ 
obliquely  truncated  extremity,  with  a  projecting  (»).ii 
surface,   slightly    conoidal,    or  sometimes   per-   ^IH*^ 
ceptibly  attenuated,  and  always  rounded ;  and    mtw. 


'  Dr.  Letdj  hu  deioiibed  ft  double  aidnl  mirkngement  of  the  tendinoiu  flbret 
aronnd  tbo  mjolemnis. 
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attached  at  a  more  or  less  acute  angle  to  the  surfaces  of  t] 

and  aponeuroses,  and  on  the  borders  of  the  former.    (Fig.  266.) 


DlFipottUoD  or  Ih*  miiHii]4r  IbrttB  ftt  Ikiir  oUlqVfl  ll 

ol  miB.    a.  AporUiHioribaUDdiiBiDtUBcCludlulljr,    ».  1 

IroociLUit  flxlTflmLtiH,  ifllKed  fn  ■miill  d«pnu1i>[u  oa  the  tnfii 

of  which  tbo  p«rliiiji1im  iDlflraam  (e)  U  connflcUsd.'.-Hjiiiill 

Still,  the  connection  is  of  the  moat  intimate  kind;  the  extremitin 
of  the  fibres  being  inserted  into  minute  pita  in  the  surface  of  the 
tendon,  while  the  perimysia  interna  are  continuoua  with  the  areolu 
sheaths  of  the  fasciculi  of  the  tendon.  In  muscles  which  have  been 
boiled,  the  sacciform  blind  extremity  of  the  myolemma  may  be 
seen.  In  no  case  does  Kcilliker  find  the  tendinous  fibres  connected 
with  the  myolemma  merely,  as  stated  by  Reichert. 

The  preceding  arrangement  obtains  whenever  muscular  fibres  and 
tendons  meet  obliquely  (all  penniform  and  semi-penniform  mu^des), 
and  whenever  tendons  of  insertion  commence  as  membranous  ex- 
pansions (aoleua,  gastrocnemiua,  ic.).  And  even  where  tendons 
and  aponeuroses  join  the  muscle  in  a  straight  line,  there  is  a  greater 
or  lesa  number  of  fibres  which  are  connected  in  this  way,  though 
most  undergo  a  transition,  as  described  at  the  commencement  of  the 
preceding  paragraph. 

II.  The  tendons  are  connected,  at  their  distul  extremity  or  ii 
tion,  with  bones,  cartilages,  fibrous  membranes  (sclerotica,  tendii 
fascifo),  ligaments,  and  synovial  membranes  (subcruralia,  &c.). 
aponeuroses  of  origin  are  alao  connected  with  the  same  parts;  and 
their  manner  of  connection  is  therefore  the  same  as  that  of  the  Ian- 
dona,  to  be  described. 

The  tendons  are  connected  with  the  bones  and  cartilages,  either 
first,  directly;  or,  secondly,  in<tirecthj—i.e.  through  the  intervenLioD 
of  the  periosteum  and  the  perichondrium. 

1.  In  the  former  case,  the  periosteum  is  entirely  wanting 
tlie  muscle  is  inserted,  and  the  tendinous  fibres  and  fasciculi 
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Fig.  2M. 


an  acute  or  a  right  angle  directly  oq  the  sar&ce  of  the  bones,  being 
blended  with  all  ita  elevations  and  depressions.  Close  to  the  bones, 
the  tendons  frequently  contain  delicate  isolated  cartilage-cells.  (Fig. 
224.)  Sometimes  the  tendinous  fibres  are,  next  the  bone,  entirely 
incrnsted  with  calcareous  salts,  in  the  form  of  granules  (ossified). 
This  kind  of  direct  connection  obtains  in  the  tendo-Achillis,  the 
tendona  of  the  quadriceps  femoris,  pectoralis  major,  latissimus  dorsi, 
deltoid,  psoas,  iliac,  glutaei,  &c.  (p.  S46). 

2.  In  case  of  indirect  connection  of  the  tendons,  their  fasciculi  and 
fibres  are  continuous  with  those  of  the  periosteum,  fascise,  fibrous 
membranes,  &c^  respectively. 

The  insertion  of  muscles  into  the  areolar  tissue  of  the  skin  and 
mucous  membranes,  without  the  interven- 
tion of  tendons,  should  be  alluded  to  here. 
This  is  beat  seen  in  the  tongue  and  the 
facial  muscles  of  mammals.  Here  the  mus- 
cular fasciculi  lie  in  the  subcutaneous  areo- 
lar tissue,  maintaining  the  same  diameter 
till  they  nearly  reach  their  insertions. — 
Then  they  divide  into  several  branches, 
each  tapering  to  a  conical  extremity,  or  di- 
viding into  a  number  of  delicate  pointed 
proceases.  In  either  case,  the  fibres  gra- 
dually or  suddenly  lose  their  striation,  and 
pass  into  the  nucleated  bands  of  the  white 
fibrous  tissue.  No  myolemma  can  be  seen 
in  the  branched  ends  of  the  muscles,  but  the 
white  fibrous  tissue  is  directly  continuous 
with  the  matrix  of  the  muscular  fibres. 

The  Vmeh  of  the  Muscles. 
The  arterial  trunks  reach  the  muscles  in 
an  oblique  or  transverse  direction,  and  then 
subdividing,  run  in  the  perimysia  interna  in 
an  arborescent  manner,  and  at  an  acute  or      c.|rti!«ie«  of 
obtuse  angle,  so  that  every  part  of  the  mus-    ii"«f  mnttoup 
cle  is  supplied  by  them.     The  minutest  arte-    '^  ^,^\^t 
ries  and  veins  usually  run  parallel  to  the    '"^ "'  "■• "'' 
muscular  fibres,  between  whicb  they  form  a    ibn,  m  ihow  i 
plexus,  so  characteristic  as  never  to  be  mis-    "^  iin*tie"  of 
taken  after  being  once  seen.  (Fig.  26o.)  »>  dimibat^ 
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The  loDgitadinal  veaeels  of  the  oetwork  lie  between  the  fibnn,  ind 

the  transverse  ones  unite  in  TEriooB  ways  with  the  fonner.    Thus 

each  separate  fibre  is  surroanded  on  all  sides  by  minnte  nnda, 

and  hence  abandantly  supplied  with 

Fis-  361-  i}lood.     The  longitudinal  veawls  are 

^^^^  -^^^H^     ^^°  '"  "  '"^"B^B''^  section  of  a  bni- 

^^^^f^gH      cuius  (Fig.  267)  lying  in  passages  in 

^B^^^^^^HHH^     the  internal  perimysium. 

^^Bj^H^^^^^^  The  capillaries  of  muscle  are  among 

''J^^^^HH^I  the  smallest  in  the  human  body,  their 

^^^^^^^V^^  diameter  being  often  leas  than  that  of 

•rnaanrat  Mctiom  of  ihiw  ibna  oT  the  blood-corpuscles  themselves.    In 

%!^^^^^^'^J'J^^    *•>«  pectoralis  major,  when  fiUed  with 

dlrie  uld;  .hainM  th«  rraad  nftut-     blood,  tbcy  meSSUre    g,^,    tO    ^g'o)  of 

s.'T.Tir.nn.i-r.^X':: «» *»«>■;  "d,  wh..  e„,ptj,  ,v..  <^ 

tar»]  p«ii.T>iam}  of  ™h  Bbn  I.  .uo  ,^„  of  an  inch.  {KbUiker) 
^^"iMirlL  *  "''"'^  ""^  *"'  The  tendons  present  no  bloodvesBeli 
in  the  innermost  portions,  and  the 
smallest  are  entirely  non-vascular  internally.  The  latter,  however, 
present  vessels  in  the  sheath  inclosing  them;  and  the  largest  hav« 
vessels  both  in  the  sheath  and  in  the  deeper  layers.  (Fig.  176.) 

Very  few  lymphatic  vessels  are  found  in  the  muacles.  Indeed, 
the  smaller  (omo  hyoid,  subcrural,  &c.),  have  none  at  all,  either  io 
their  substance  or  upon  their  surface ;  and  among  the  largest  mus- 
cles, it  is  only  in  some  that  solitary  lymphatics,  aSt  to  ^  of  an  inch 
n  diameter,  are  seen  accompanying  the  bloodvessels.  It  is  proba- 
ble that  these  do  not  run  among  the  Fasciculi,  but  in  the  more  vas- 
cular perimysia  between  the  larger  and  laxer  subdivisions;  and 
especially  when  the  latter  contains  adipose  tissue,  and  is  therefore 
soft,  as  in  the  glutteun,  and  in  the  superficial  layers  of  the  moaclea 

No  lymphatics  have  ;et  been  found  in  the  tendons,  aponeuroses^ 
or  the  synovial  capsules  of  the  muscular  system.  They  may,  how- 
ever, exist  in  the  areolar  tissue  under  the  latter;  as  in  the  subse- 
rous areolar  tissue  of  the  joints. 

Nerves  of  the  Muxla. 

The  nerves  of  the  muscles  come  into  contact  with  the  6bres  only 

at  a  few  points  comparatively,  and  not  throughout  their  length. 

The  trunks  divide  pretty  suddenly  on  entering  the  muscles,  into 

several  anastomosing  subdivisions,  which  give  off  still  smaller  loops 
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iticlosiDg  the  fasciculi,  and  passing  among  the  individual  fibres. 
{Fig.  268.)  Whether  there  are  also  free  terminations  of  the  nerve- 
fibres  in  man,  besides  these  loops,  such  as  exist  in  the  lower  animals, 
IB  not  certainly  determined. 


Form  of  the  tonniaatiiif  loops  of  the  Derrea  of  the  mnvelee. 

The  trunks  entering  the  muscles  are  composed  mostly  of  the  thick 
(medullated)  nerve  fibres;  there  being  only  twelve  of  the  finer,  on 
an  average  to  on^  hundred  of  the 
larger.  ( YoVanann:)    In  the  in-  ^8-  ^^^• 

tenor  of  the  muscle  they,  how- 
ever, become  smaller ;  so  that  the 
fibres  of  the  terminal  plexus  are 
only  TsUv  to  ^^Vif  of  an  inch  in 
diameter.  Sometimes  the  gra- 
dual attenuation  can  be  seen  un- 
der the  microscope,  showing  that 
sometimes  at  least  this  diminu- 
tion is  not  due  to  division.  Eol- 
liker  finds  them  to  present  at  last 
the  appearance  of  the  so-called 
sympathetic  fibres;  becoming 
pale,  with  a  simple  contour  line 
disposed  to  form  varicosities. 
Thus,  though  no  neurilemma 
eould  be  distinguished,  the  dark 
border  shows  that  they  are  not 
free  axis-cylinders,  or  non-medul- 
lated  fibres,  such  as  are  seen  in  other  terminations  of  nerves. 


DlTliloiii  of  the  neire-flbree  tn  mniicle.  (lUf- 
Blfled  SM  diametera.)  a.  Doable  dlrUlon  from 
the  omohjoid  mniele  In  num.  a^n,  a.  Nenrl- 
lemma,  b.  Dirleion  of  a  nerre  from  a  faeial 
mnicIe  of  the  rabbit  into  three  apparently  pointed 
twigs.  (JfoUOer.) 
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It  is  also  certain  that  divisions  of  the  nerFe-fibres  occur  in  the 
muscles  of  man,  though  they  are  rare  and  detected  with  difficulty. 
(Fig.  269.)    Their  relation  to  the  loops  is  still  to  be  made  OQt 

In  many  of  the  small  muscles  the  extent  of  space  to  which  the 
nerve-fibres  are  distributed  is  very  limited.    In  a  portion  of  tbc 
superior  belly  of  the  omo-hyoid,  three  inches  long,  the  portion  to 
which  the  nerves  are  distributed  is  not  more  than  five  to  six  lines 
in  length.     The  trunk  of  the  nerve  enters  in  the  middle  of  the 
transverse  axis  of  the  muscle,  and  divides  into  two  primary  branches, 
one  passing  to  the  right  and  the  other  to  the  left  border  of  the  mus- 
cle.   Each  of  these  gives  off  numerous  anastomasing  branches  of 
all  sizes,  thus  supplying  the  entire  thickness  of  the  muscle  from 
the  most  superficial  to  the  deepest  layers.    The  rest  of  the  muscle 
usually  presents  a  complete  deficiency  of  nerves.     The  same  con- 
ditions obtain  in  the  lower  belly  of  the  omohyoid,  in  the  sterno- 
hyoid, sternothyroid,  subcruralis,  &c     It  appears  to  be  true  in 
respect  to  the  larger  muscles  also,  that  their  separate  portions  are 
in  connection  with  the  nervous  plexus,  only  at  a  point  of  limited 
extent.     Whether  the  muscular  fibres  are  in  contact  with  nerves 
only  at  a  single  point  when  the  former  are  of  the  greatest  length 
(as  in  the  sartorius,  latissimus  dorsi,  &c.),  is  not  yet  decided. 

Nerves  are  also  found  accompanying  the  vessels  of  muscles 
(nervi  vasorum);  but  these  present  no  peculiarities.  They  are  com- 
posed of  the  finest  fibres  alone,  and  are  distributed  to  the  arteries 
and  veins  (seldom  to  the  smallest),  but  not  to  the  capillaries.  How 
they  terminate  is  still  unknown.  Some  fibres  also  from  the  muscu- 
lar plexus  before  described,  occasionally  join  those  of  the  vessels. 

The  larger  tendons  contain  the  vascular  nerves  only,  and  the 

smaller  none  at  all:    The  fascije  and  the  sheaths  of  the  tendons,  as 

well  as  the  synovial  capsules  (bursa3  mucosae),  contain  none. 

Peculiarities  in  the  Lower  Animals. — In  the  invertebratOj  the  nerve- 
fibres  are  known  to  terminate  in  the  muscles  by  free  extremities, 
which,  after  expanding,  are  inserted  into  the  muscular  fibres.  The 
divisions  are  sometimes  trifid.  In  them,  also,  every  muscular  fibre 
appears  to  have  a  nerve-fibre  distributed  to  it;  and  often  accompa- 
nying it  for  a  considerable  distance,  and  forming  loops  or  spirals 
around  it.  In  the  amphibia  the  divisions  are  multiple  (Fig.  270), 
and  even  eight-fold.  ( IFa^ner.)  The  ultimate  filaments  are  pale 
and  have  a  simple  contour  line.  They  do  not  penetrate  the  mus- 
cular fibre,  but  are  merely  closely  applied  to  it,  either  obliquely, 
transversely,  or  longitudinally,  for  some  distance;  becoming  in  all 
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SBKS  attenoated  to  a  sharp  point,  freqaeatly  as  fine  as  a  fibre  of  the 
white  fibrous  tissue.  {KSUiker.) 

In  the  mylo-hyoideua  muscle  of  the  frog,  Beicbert  found  160  to 
180  fibres,  luid  the  nervous  trunks  to  contain  "7  to  10  fibres,  ulti- 
mately forming  from  290  to  340  filaments  by  continual  division,  or 
more  than  one  for  each  muscular  fibre." 

Fig.  270. 


AccEssoBT  Organs  of  the  Muscles. 
Under  this  head  are  included : — 

1,  The  mascular  envelops,  or  fasciEe. 

2.  Ligaments  of  the  tendons. 

8.  Tendinous  sheaths  and  the  synovial  sacs  (bursfe  mucosse). 
4.  Fibro-cartilages  and  sesamoid  bones. 

1.  The  ifuscuiar  Snvek^  {Faeeue),  £c. 
The  bflcise  are  fibrous  membranes  surrounding  single  mnsclea 
(sartorina,  Ik.),  or  entire  groups  of  raosclea,  with  their  tendons. 
The  deep  fascice  of  the  extremities  (femoral,  brachial,  and  ante-bra- 
chial  aponeuroses,  &C.),  are  illustrations.  These  also  give  insertions 
to  masdes,  and  thus  become  tendons  (tensor  vaginse  femoris),  or 
87 
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give  origin  to  them,  and  thus  become  aponeuroses;  e.  g.  the  inter- 
osseous membrane  of  the  forearm  and  leg.  They  are  also,  in  cer- 
tain parts,  thickened  into  ligaments  (as  on  the  dorsal  aspect  of  the 
carpus),  to  retain  the  tendons  in  place.  In  all  these  caseSy  they  pre- 
sent the  character  and  structure  of  tendons  and  ligaments. 

In  some  instances,  however,  the  distinct  muscular  sheaths  are 
formed  of  areolar  tissue,  and  are  hence  extensible,  and*  allow  of  a 
considerable  amount  of  motion  of  the  muscle  within  them ;  e.  g, 
sterno-cleido-mastoideus,  and  other  muscles  manifesting  a  consider- 
able amount  of  motion  under  the  skin. 

2.  The  Ligaments  of  the  Tendons. 

These  retain  the  tendons  in  their  place  in  certain  parts;  e.  g.  the 
dorsal  and  palmar  ligaments  of  the  carpus,  which  retain  the  exten- 
sors and  the  flexors  of  the  fingers — and  the  corresponding  ligament 
of  the  foot. 

Small  bundles  of  white  fibrous  tissue  also  strengthen  the  tendin- 
ous sheaths  next  to  be  described,  as  minuter  ligaments. 

All  the  ligaments,  mentioned  under  this  head,  present  the  strac* 
ture  and  character  of  those  in  relation  with  joints  (p.  278),  and  con- 
tain fewer  vessels  than  the  tendons. 

3.  ITie  Tendinovs  Sheaths  and  Synovial  Sacs. 

The  sheaths  of  the  tendons  (as  of  the  flexors  and  extensors  of 
the  fingers  and  toes)  are  usuaUy  described  as  closed  serous  mem- 
branes, of  which  one  portion  invests  the  tendon  and  the  other  lines 
the  special  canal  in  which  it  glides  to  and  fro.  Kolliker,  however, 
finds  that  no  membrane  at  all  exists  on  the  greater  part  of  the  sur- 
faces hitherto  supposed  to  be  covered  by  it.  Fimbriated  processes 
are,  however,  found  projecting  here  and  there  into  the  cavity  con- 
taining the  synovial  fluid,  and  from  which  the  latter  is  doubtless 
secreted.  These  processes  are  very  vascular,  like  those  of  the  syn- 
ovial capsules  of  the  joints  (p.  345). 

The  bvrsce  mucosce,  or  synovial  capsules  of  the  muscles,  invest  the 
opposed  surfaces  of  muscles  and  bones,  as  under  the  psoas,  iliacus, 
deltoid,  gluteus  maximus,  &c.  (p.  195).  These  also  appear  in  the 
form  of  closed  sacs,  but  are  usually  not  everywhere  constituted  of 
a  serous  membrane,  any  more  than  the  preceding  tendinous  sheaths. 
In  both,  the  epithelium  is  almost  never  complete;  and  both  are, 
therefore,  to  be  classed  with  the  synovial  capsules  of  the  joints. 
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Oartilage-cellB  are,  however,  to  be  found  in  the  textures  entering 
into  the  synovial  capsules  of  the  muscles ;  though  genuine  carti- 
lage has  not  yet  been  found  on  the  opposed  and  gliding  surfaces  of 
muscles  and  bone,  except  in  case  of  the  cuboid  bone. 

4.  FibrO' Cartilages  and  Sesamoid  Bones. 

A  layer  of  fibro-cartilage  is  found  covering  the  grooves  on  bones, 
in  which  tendons  glide  (tibialis  posticus,  peroneus  brevis,  &c.);  and 
finequently  the  tendon  also  is  thickened  by  a  layer  of  the  same 
tissue  on  the  surface  which  glides  on  the  bone.  But  on  the  cuboid 
bone,  under  the  tendon  of  the  peroneus  longus,  is  a  layer  of  true 
cartilage,  '^^  to  jfj  of  an  inch  thick. 

Fibro-cartilages  also  exist  normally  in  the  flexor  tendons  of  the 
fingers  and  toes ;  their  free  surface  presenting  towards  the  articu- 
lations. If  they  become  ossified,  they  are  called  sesamoid  bones  (e.  g. 
in  fiexor  tendon  of  thumb,  great  toe,  in  ligamentum  patellse,  &c.). 
These  are  covered  by  a  thin  layer  of  cartilage  next  the  joint,  and 
blend  with  the  tendinous  structure  on  the  other  side. 

Physical  Properties  of  the  Muscles. 

In  the  muscular  tissue  of  man  («.  e.  including  the  perimysia,  &c.), 
there  are  usually  72.56  to  74.45  per  cent,  of  water,  and  25.55  to 
27.44  per  cent,  of  solid  residue.  The  analysis  of  the  latter  has  been 
given  on  page  896,  where  the  highest  extreme  of  the  water  is  put 
at  80  per  cent 

The  bright  red  color  of  the  muscles  has  already  been  accounted 
for  (p.  897). 

The  muscles  are  capable  of  being  stretched — even  the  tendons 
are  not  totally  inextensible  in  their  natural  condition  (p.  409) — and 
also  manifest  a  certain  degree  of  the  physical  property  of  elasticity. 
This  is  exemplified  by  the  return  to  their  former  condition  of  the 
muscles  of  the  abdomen,  after  being  stretched  during  pregnancy 
and  by  dropsical  accumulations.  The  muscles  even  of  a  dead 
animal  still  return  thus  after  being  stretched,  though  they  do  not 
altogether  resume  their  original  form,  and  therefore  are  more  rea- 
dily torn.  Still,  such  a  slender  muscle  as  the  gracilis  may  support 
a  weight  of  eighty  pounds  after  death,  withoA  breaking.  Kolliker 
thinks  the  rigor  mortis  is  produced  by  an  increase  of  elasticity,  and 
is  not  a  vital  phenomenon,  as  the  author  of  the  present  work  has 
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considered  it  (p.  405).    The  elasticity  doubtless  inheres  in  part  in 
the  myolemmata  of  the  muscles,  since  they  resemble  elastic  tissue. 

Physiohg^ical  Remarks, 

The  use  of  the  muscles  depends  on  the  vital  property  inherent 
in  the  muscular  fibres — contractilitf/,  or  spontaneous  shortening- 
producing  motion  in  the  parts  (bones  especially )•  with  which  they 
are  connected.  The  tendons  and  aponeuroses  only  serve  to  trans- 
mit the  motor  force  generated  in  the  muscular  fibres.  Hence  the 
tendons  of  the  flexors  and  extensors  of  the  fingers  and  toes  are 
elongated,  in  order  to  remove  the  belly  of  the  muscle  to  a  distance, 
and  secure  beauty  of  proportion  in  the  limbs.  During  contraction, 
the  fibres  shorten  in  a  rectilinear  direction,  but  do  not  undergo  any 
considerable  condensation.  Their  tenacity  is,  however,  much  in- 
creased ;  so  that  the  tendon  gives  way  rather  than  the  belly  of  the 
muscle,  if  rupture  occurs  from  violent  contraction — as  in  the  tendo- 
Achillis,  &c.  Ordinarily,  only  a  part  of  the  fibres  in  a  muscle  con- 
tract at  the  same  time  (p.  402).  Thus  the  full  strength  of  a  muscle 
is  seldom  exerted,  and  usually  only  under  the  highest  excitement — 
as  in  mania,  &c. 

It  has  been  stated  that  the  muscles  ordinarily  contract  in  conse- 
quence of  a  stimulus  communicated  to  them  by  the  nerves  (p.  402). 
Of  the  nature  and  precise  mode  of  their  action,  we,  however,  know 
notbiug;  though  it  may  be  inferred  that,  in  the  vertebraia^  the 
nervous  influence  acts  from  a  certain  distance,  since  the  nerve- 
fibres  touch  the  muscular  fibres  only  at  a  few  points,  and  never 
penetrate  into  their  interior  (p.  416). 

The  intriJisic  contractile  force  of  a  muscle  depends  not  on  its 
length,  but  on  the  number  and  size  of  its  fibres,  or  its  transverse 
sectional  area.  The  extent  of  motion,  however,  at  the  point  of  in- 
sertion, depends,  cceteris  paribus^  on  the  length  of  the  fibres,  and  can 
never  exceed  three-fourths  to  five-sixths  of  the  length  of  the  belly 
of  the  muscle,  since  no  individual  fibre  shortens  more  than  in  this 
proportion  (p.  402).  When,  however,  the  fibres  are  short,  a  com- 
pensation in  respect  to  the  amount  of  motion  of  the  part  to  be 
moveil  may  be  secured  by  having  the  insertion  of  the  muscle  nearer 
to  the  extremity  of  th%  bone  to  be  moved  by  it — e.  g,  the  semi-mem- 
branosus,  as  compared* with  the  semi-tendinosus.  The  available  or 
^eUivt  force  of  a  muscle  depends  much  on  its  relations  to  the  part 
into  which  it  is  inserted.    Most  of  the  muscles  are  inserted  in  such 
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a  way  as  to  act  at  a  mechanical  disadvantage  (?*.  e.  so  as  to  act  at 
first  nearly  parallel  to  the  surface  of  bones  they  move,  or  near  the 
extremities  of  the  latter).  Thus  their  eflFective  is  much  less  than 
their  intrinsic  force.  K  g,  the  intrinsic  force  of  the  deltoid  has 
been  estimated  at  1,000  pounds;  while  its  available  force  is  perhaps 
not  more  than  50  pounds.  As  a  compensation  for  this  loss  of  force, 
greater  velocity  and  extent  of  motion  of  the  part  are  secured  with 
a  given  amount  of  shortening  of  the  muscular  fibres. 

The  tonicity  of  the  muscles  has  been  spoken  of  on  page  403. 

The  muscles  possess  sensihility^  though  of  a  peculiar  kind;  they 
becoming  painful  and  sensitive  to  pressure  after  long-continued  ac- 
tion, and  after  being  afiected  with  cramps  or  spasms;  while  scarcely 
any  sensation  is  excited  by  punctures,  burns,  and  incisions  into  their 
substance.  They  also  possess  a  delicate  sense  of  feeling  for  their 
own  stateof  contraction,  and  estimate  very  minute  variations  in  the 
force  with  which  they  act.  It  is  this  kind  of  sensibility  (called  the 
muscular  sense)  which  enables  ns  to  judge  of  the  weight  of  objects. 
The  sense  of  fatigue  is  also  peculiar  to  the  muscles.  It  has  already 
been  shown  that  the  muscles  contain  but  few  sensitive  nerve-fibres 
(p.  415) — enough,  probably,  to  give  merely  the  slight  impressions 
normally  characterizing  the  muscles  in  ordinary  circumstances; 
while  they  may  also  give  rise  to  pain,  even,  when  compressed  for  a 
time  during  their  contraction. 

The  muscles,  during  their  contraction,  elicit  a  peculiar  sounds  of 
a  silvery  character,  and  which  somewhat  resembles  the  rumbling  of 
distant  carriage-wheels.  This  is  probably  produced  by  modifica- 
tions in  the  circulation,  as  well  as  by  the  changes  occurring  in  the 
fibres  themselves. 

Heat  is  also  developed  by  muscles  during  contraction,  as  has 
already  been  explained  (p.  402);  oxygen  being  absorbed  and  car- 
bonic acid  being  given  off  by  them  at  the  same  time. 

Development  of  the  Muscles, 

The  manner  in  which  the  striated  muscular  fibres  are  developed, 
has  already  been  explained  (p.  399).  The  muscles  are  not  evident 
as  distinct  organs  in  the  human  foetus  before  the  end  of  the  second 
month,  and  can  then  be  seen  only  under  the  microscope;  and  the 
tendons  cannot  be  distinguished  from  the  other  portions.  In  the 
tenth  to  the  twelfth  week  they  are  more  distinct ;  and  the  tendons 
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Mition  of  the  tendons  abnormallj  near  to  the  belly  of  the  muscle. 
Hence  the  propriety  of  dividing  the  tendons,  and  bringing  the  bones 
into  their  normal  relations,  in  such  cases;  after  which,  the  former 
attume  the  normal  length  by  a  new  formation  of  collagenous  tissue 
between  the  divided  extremities. 

'  The  vaginal  sheaths  of  the  tendons,  especially  of  the  extensors  of 
Ibe  fingers,  are  liable  to  dilatations  and  accumulations  of  the  syno- 
vial fluid,  forming  protrusions  called  ganglia.  The  most  common 
•eat  of  the  ganglion  is  on  the  dorsum  of  the  wrist. 

The  synovial  sacs  of  the  muscular  system  (bursaB  mucosae)  are  also 
fiable  to  inflammation,  and  consequent  distension,  from  the  fluid 
ihev  contain.  The  affection  usually  termed  "housemaid's  knee"  is 
an  inflammation  of  a  synovial  sac,  not  connected  with  the  muscular 
aystemi  but  existing  between  the  patella  and  the  skin  covering  it 
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NXRVOUS  TISSUE,  AND  THE  STRUCTURE  OF  THE  NERVOUS 

SYSTEM. 

SECTION   I. 
tHS  NERVOUS  TISSUE. 

Two  forms  of  the  nervous  tissue  are  to  be  described : — 

I.  The  fibrous  or  tubular  nerve-tissue. 
II.  The  vesicular  or  cellular  (nerve-cells). 

T.  Fibrous  or  Tubular  Nerve-Tissue. 

This  form  of  nerve-tissue  is  termed  tubular,  because,  when  de- 
veloped in  the  highest  degree,  it  presents  the  form  of  tubes  inclosing 
a  fibre.  In  other  cases,  however,  the  tube  is  wanting,  and  then  the 
term  ^'fibrous''  is  more  appropriate.  The  latter  are  far  more  minute 
than  the  former ;  and  hence  these  two  forms  have  been  called  by 
KoUiker  the  coarse  and  the  fine  nerve-fibres.  (Fig.  272.)  There  is 
also  a  medium  size,  averaging  about  the  ^^j^i^  of  an  inch  in  dia- 
meter. 

The  coarsest  nerve-fibres  are  even  yi^^^  of  an  inch  in  diameter; 
while  the  finest  have  only  ifj^  this  diameter,  or  37(1^1^  of  an  inch. 


Fig.  271. 
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may  also  be  distioguished,  as  somewhat  clearer  but  still  tnuupamnt 

streaks. 

In  ibe  fourth  month,  both  the  muscular  tissue  and  the  tendons 

are  more  distinct,  the  former  being,  on  the  trunk,  of  a  light  reddish 

color.     At  birth,  the  muiicular  fibres  are  still  softer  and  paler,  and 

the  tendons  more  vascular  and  less  white  than  they  sutHoquentlr 

become. 

The  elementary  parts  of  the  tendons  are  never  formed  eariier 

than  those  of  the  muscular  portion.  Indeed,  they  cannot  be  recog- 
nized na  fasciculi  of  the  white  fibrous  tissue  lill 
about  the  fourth  month,  though  the  muscular 
fibres  are  quite  distinct  at  the  eighth  to  the  ninth 
week.  Being'  To^im  ^  ti'oo  of  ^d  inch  in  diame- 
ter at  the  fourth  month,  the  fasciculi  (at  first  con- 
taining no  distinct  fibres)  become  50*110  to  -ja'oo  ^ 
.in  inch  in  diameter  at  birtll.  At  this  time,  also, 
their  fibres  axe  distinct,  and  the  fine  elastic  fihree 
are  developed  between  the  fasciculi  from  special 
fusiform  forreiative  cells.  Fig.  271  shows  the  wavj 
appearance  of  the  fasciculi  at  birth,  and  also  the 
elongated  nuclei  tying  upon  and  among  them, 
from  which  the  elastic  fibres  are  probably  deve- 
loped.    (See  also  Figs.  261-2.) 

In  the  adult,  the  fasciculi  of  the  tendons  an 

of7MT-'il"ii''*hiid°m'«"'  ^"'''1'  *"  Ts'sn  of  an  inch  in  diameter.    Their  rela- 

an*ii.»diiunBier.:.nd  tivc  sizc,  therefore,  in  the  fcetus  at  four  montlu, 

ir*!*!^!^'^™"^  •'he  new-born  child,  and  the  adult,  are  as  1 :  l.y :  6; 

of  ibo  am  .iMUe  Bhro..  go  that  the  growth  of  the  tendons,  after  birth  at 
least,  seems  due  to  the  increased  thickness  and 

elongation  of  tlieir  fiisciouJi ;  while  their  number  also  is  constantly 

increased  during  fcetal  life. 


Pathological  Stales  of  the  Muscles  and  llteir  Accessories. 

The  pathological  states  of  the  striated  muscular  tissue  have  already 
been  specified  (p.  406) ;  of  which  hypertrophy,  atrophy,  paralyai^ 
fatty  degeneration,  and  softening  are  the  most  important. 

The  most  common  pathological  state  of  the  tendons  and  aponea- 
roses  is  atrophy,  consequent  on  the  same  condition  of  the  mufl- 
oular  fibres,  and  disease  of  the  muscle.  The  tendons  also  become 
shortened  in  case  of  talipes  (club-foot)  and  other  deformities ;  since 
changes  in  the  relations  of  the  bones  have  brought  the  pointa  of  in- 
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sertion  of  the  tendons  abnormally  near  to  the  belly  of  the  muscle. 
Hence  the  propriety  of  dividing  the  tendons,  and  bringing  the  bones 
into  their  normal  relations,  in  such  cases;  after  which,  the  former 
assume  the  normal  length  by  a  new  formation  of  collagenous  tissue 
between  the  divided  extremities. 

The  vaginal  sheaths  of  the  tendons,  especially  of  the  extensors  of 
the  fingers,  are  liable  to  dilatations  and  accumulations  of  the  syno- 
vial fluid,  forming  protrusions  called  ganglia.  The  most  common 
seat  of  the  ganglion  is  on  the  dorsum  of  the  wrist. 

The  synovial  sacs  of  the  muscular  system  (bursae  mucosae)  are  also 
liable  to  inflammation,  and  consequent  distension,  from  the  fluid 
they  contain.  The  affection  usually  termed  "housemaid's  knee"  is 
an  inflammation  of  a  synovial  sac,  not  connected  with  the  muscular 
aystemi  but  existing  between  the  patella  and  the  skin  covering  it 
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NXRVOUS  TISSUE,  AND  THE  STRUCTURE  OP  THE  NERVOUS 

SYSTEM. 

SECTION  I. 
tHX  NERVOUS  TISSUE. 

Two  forms  of  the  nervous  tissue  are  to  be  described : — 

I.  The  fibrous  or  tubular  nerve-tissue. 
II.  The  vesicular  or  cellular  (nerve-cells). 

T.  Fibrous  or  Tubular  Nerve-Tissue. 

This  form  of  nerve-tissue  is  termed  tubular,  because,  when  de- 
veloped in  the  highest  degree,  it  presents  the  form  of  tubes  inclosing 
a  fibre.  In  other  cases,  however,  the  tube  is  wanting,  and  then  the 
term  ^'fibrous''  is  more  appropriate.  The  latter  are  far  more  minute 
than  the  former ;  and  hence  these  two  forms  have  been  called  by 
KoUiker  the  coarse  and  the  fine  nerve-fibres.  (Fig.  272.)  There  is 
also  a  medium  size,  averaging  about  the  jjfjgjf  of  an  inch  in  dia- 
meter. 

The  coarsest  nerve-fibres  are  even  j^jf  of  an  inch  in  diameter; 
while  the  finest  have  only  jf^^  this  diameter,  or  ji-^ljiji  of  an  inch. 
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The  kngih  of  the  oerve-fibres  also  varies  extremely ;  sinoe  tbey 
have  one  extremity  in  the  part  where  thej  are  distributed,  while 
the  other  enters  the  ence- 
^'      '  phaloQ  or  spinal  cord  (to 

constitute  their  white  or 
fibrous  portions),  or  termi- 
aates  in  ganglia. 

1.  The  Ooane  (large)  Kent- 
Fibres. 
It  is,  of  course,  impossible  . 
to  draw  any  precise  line 
between  the  coarse  and  the 
medium  nerve-fibres,  since 
all  grades  of  size  are  found 
between  their  extremes  of 
j3jinn  of  an  inch  as  the  dia- 
meter of  the  coarsest,  and 
sTtvn  "^  ^^^  o^  ^^  finest 
fibres.  Nor  is  it  of  any 
importance  that  the  inter- 
mediate should  be  distia- 
guisbed  as  such;  since  they 
appear  to  present  do  pecn- 
liarity  in  structure  or  func- 
tion. Kdlliker,  however, 
mentions  as  coarse  fibres 
those  above  ,  n'os  of  an  inch; 
as  medium  those  from  s^^ 
^'^  lu'siT  o''  ^11  inch;  and  as 
fine  those  less  than  gg^pn  of 
an  inch. 

All  the  nerve-fibres,  when  examined  in  their  recent  state,  and 
by  transmitted  light,  appear  perfectly  transparent,  and  with  simple 
dark  contours.  By  reflected  light  they  appear  opaline,  like  fat,  and, 
in  large  quantities  together,  white;  but  generally  they  do  not  ap- 
pear to  be  composed  of  different  constituent  parts. 

All  the  coarse  fibres  may,  however,  be  shown  to  consist  of  (Fig. 
278,  and  Kg.  272,  3,4)— 


LARGE  NERVE-FIBBES. 
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Fig.  273. 


A.  The  envelop,  or  neurilemma. 

B.  Its  contents,  the  neurine;  consisting  of  the  medulla  and 

the  axis-fibre.  (Fig.  274.) 

A.  The  neurilemma}  is  formed  of  simple  membrane,  and  resem- 
bles elastic  tissue,  but  is  less  soluble  in  alkalies.  Histologically, 
it  very  much  resembles  the  myolemma  of  striated  muscular  fibre, 
and  has  nuclei  upon  its  inner  surface  (p. 
893, 1).  It  has  not  yet  been  demonstrated  in 
the  finest  fibres.  Moreover,  in  case  of  the 
largest  tubes  it  disappears  both  at  its  distal 
extremity,  where  it  is  distributed,  and  also 
in  the  brain  or  spinal  cord,  on  tracing  it  to 
its  origin.  Sometimes,  also,  it  is  wanting 
even  in  the  coarser  fibres  through  a  con- 
siderable extent  of  their  terminal  portions. 

B.  The  contents  of  the  neurilemma  are  a 
homogeneous  substance  during  life,  accord- 
ing to  certain  observers;  and  the  appear- 
ances described  by  Rosenthal  and  Remak 
are  regarded  by  such  as  due  to  post-mortem 
changes.  The  conclusions  of  KoUiker  on 
this  question  are  adopted  here. 

Two  entirely  distinct  substances  are  con- 
tained in  the  nerve-tube;  a  difference  in 
color,  however,  and  density,  being  apparent 
only  after  death.    These  are : — 

1.  The  axis-fibre^ 

2.  The  nerve-medulla,  or  pulp. 

1.  The  axis-fibre  {KoUiker),  primitive  band  {Remak\  or  axis-cylin- 
der {RoserUhal)^  is  a  pale,  soft,  cylindrical  or  slightly  flattened,  but 

Pig.  274. 


Nerye-tabeii  of  the  common  eel. 
a.  In  water.  Tho  delicate  line 
on  ItJi  exterior  Indicates  the  neu- 
rilemma ;  the  dark  double-edged 
inner  one  is  the  white  sabstanee 
of  Schwann  (raedalla),  slightlj 
wrinkled,  b.  The  same  in  ether. 
Sereral  oil-globalea  hare  eo«- 
lesced  in  the  interior,  and  otben 
bare  accnmalated  aroand  the  ex- 
terior of  the  tnbe.  The  white  tab- 
stance  baa  in  part  dliiappeared. 
(Magnified  300  diameters.) 


An  axis-fibre  (r)  is  seen  prolonged  some  wajr  bejrond  the  broken  edge  of  its  nearilemma  and  the 

white  sabstanre,  or  mednlla  (d). 


'  From  yvfoiff  nerve,  and  xifAfxa^  a  coat  or  sheath.  This  term  is  used  to  correspond 
with  the  myolemma  of  muscalar  tissue ;  while  the  perineorinm  and  the  perimjnsiam 
also  correspond. 
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elastic  fibre  (Fig.  274),  in  the  cmire  of  the  tube,  and  u 
pying  about  one-third  of  its  iliamctor.  It  is  generally  hoi 
though  rarely  faintly  striated  or  finely  granular;  is  uauaUjfl 
out  of  uniform  size,  solid,  and  resembles  coagulated  albumen. 
generally  pursues  a  straight  craurse,  but  may  be  curved  or  slightlj 
undulating  (never  varicose),  with  an  irregular  border.  Chemical 
reagents  also  show  that  it  contains  not  a  trace  of  fat,  but  is  an  alha- 
minous  compound;  though  it  is  not  identical  with  the  fibrine  of 
the  blood,  nor  the  peculiar  element  of  muscular  tissue  (musculine). 
Analogically  with  the  latter  immediate  principle,  it  may  be  termed 
nervine. 

The  axis-fibre  is  found  in  all,  even  the  very  finest,  nerve-tubes; 
and  in  the  latter,  it  only  can  always  be  satisfactorily  demonstrated. 
Its  size  varies  with  that  of  the  nerve-fibre  itself.  During  life,  how- 
ever, it  cannot  be  distinguished  from  the  medulla  which  surrounds  it. 

In  the  acoustic  nerve  of  the  sturgeon,  Czermik  has  demonstrated 
the  existence  of  bifurcating  axis-fibres  in  dividing  nerve-fibres. 

2.  The  nerve-medulla,  or  pulp,  is  a  thick,  viscid  fiuid,  like  thick 
oil  of  turpentine,  mostly  composed  of  fatty  matter,  and  filling  all 
the  apace  between  the  axis-fibre  and  the  inner  surface  of  the  neuri- 
lemma. Consequently  it  occupies  the  two  remaining,  or  external, 
thirds  of  the  diameter  of  the  tube.  In  other  words,  it  is  itself  a 
viscid,  fluid,  hollow  cylinder,  completely  inclosing  and  isolating  the 
solid  axis-fibre,  which  is  placed  within  it.  Hence  its  deaignatioo, 
also,  as  the  medullary  sheath.  It  has  also  been  called  the  "white 
substance  of  Schwann." 

The  entirely  different  chemical  reactions  of  the  medulk  and  the 
axis-fibre,  would  seem  to  demonstrate  their  distinct  existence  and 
function;  though  the  microscope  does  not  distinguish  tbem  during 
life.  It  is  the  medulla  that  gives  the  dark  border  to  nerve-tubes 
under  the  microscope ;  and  such  are  therefore  termed  nwdullatfed  or 
dark-bordered  tubes. 

Although  the  axis-fibre  exist:3  in  every  nerve-fibre,  many  are  met 
with  which  have  no  medulla — ■non-medullaled  fibres.  These  consist 
of  the  neurilemma,  the  axis-fibre,  and  an  intervening  fluid,  somo- 
es  identical  in  appearance  with  the  latter,  and  sometimes  similar 
but  more  clear.  These  non-mcdu!lated  fibres  are  also  found  to  occur 
in  continuation  of  the  medullated,  both  when  they  cotumunicato 
with  the  nerve-cells  in  the  encephalon  and  spinal  cord,  and  a 
the  peripheral  extremities  of  the  fibres. 


aunioat^^ 
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The  mednlU  ia  npidly  and  iDvariably  altered  by  tbe  applicatioii 
of  cold  water,  of  most  Koids,  &o.  Thia  change  confiiBta  principally 
in  a  coagulation  of  it,  Bometimea  occurring  from  without  inwards, 
and  iDvolring  the  entire  tbickoess,  or  only  its  outermost  layer.  In 
the  Utter  case,  the  nerre-fibrea  of  dou- 
ble contour  hues  are  produced;  in 
the  former,  the  contents  become  ap- 
parently wholly  grumous  or  opaque. 
The  Deurilemma  gives  the  aingle  con> 
tonr  liae.  Sometimes,  alao,  the  me- 
dalla  accumulates  into  larger  masses 
ID  places,  and  thna  the  frequently  de- 
■eribed  Taricose  appearance  of  the 
Derre-fibres  ia  produced.  (Figs.  276 
and  278.)  In  thia  change  the  neuri- 
lemma participates;  but  in  all  those 
mentioned,  the  axis-fibre  takes  no 
part.  By  pressure,  the  medulla  may 
be  made  to  assume  all  possible  forms. 

2.  The  Fine  Nerve-Fibm. 

The  finest  nerve-fibres  (Fig.  298, 8) 
are  only  g^^og  of  an  inch  in  diame- 
ter; and  in  these  neither  neurilemma 
nor  medulla  can  be  demonstrated, 
only  the  axis-fibre  being  apparently 
present  Most  of  them  are,  however, 
TxivT  ^  siAiit  of  au  inch ;  but  these 
also  have  no  proper  medulla — t.  e.  are 
non-meduUated.  But  they  contain 
between  the  axis-fibre  and  the  neuri- 
lemma a  substance  sometimes  resem- 
bling the  axis-fibre  of  other  nerves,  r'!V''''^'^''j'!'°***j"'"' *. '*'"'' 
and  sometimes  more  clear.  These  pTwan.  (.  Thium,  ii>ci»«nipi«u.  g. 
are  often  called  pale  nerve-fibres,  ad  ^^o*''"Ji^|J^''^a[^e'^™,"" 
they  have  only  a  single  contour  Une. 

In  the  nervous  centres,  also,  they  frequently  present  a  varicose  ap- 
pearance. (Fig.  276,  g') 

It  has  already  been  seen,  however,  that  a  nerve-fibre  may  be  me- 
dollated,  coarse,  and  have  a  neurilemma,  in  one  part  of  its  course, 


Vaarllmnmii.— B.  TatiDlu  Ibm.  e.  In  a 
Butiinl  nut.  ihawlDj  Iha  pkrti  u  In  n. 
/.  The  ncdnlls  ud  ixli-crlliidrr  luMr. 
ni)>(sdli7prMinra,  while  lbs  nFarllrniu 
iTin&lnj,  g.  The  iftiiiv.  with  TftrlcoaldH. 
A.  Tjkriaam  uppflnriuie*  of  the  mtdiULaA&J 

pnuan.     1  Srohea  and  at  hh  uris-flbn 
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while  it  is  non-meduUated,  pale,  or  even  consists  of  the  axis-fibre 
alone,  in  another  part.  The  division  into  coarse  and  fine  fibres  is 
therefore  more  important,  doubtless,  in  a  histological  than  in  a  phy- 
siological point  of  view.   The  axis-fibre  alone  is  a  constant  structure. 

Pale  or  jion-meduUated  fibres  naturally  occur  in  the  following 
situations :  1.  Those  of  the  Pacchionian  bodies ;  2.  The  nucleated 
pale  fibres  in  the  terminations  of  the  olfactory  nerves;  3,  ITie  per- 
fectly transparent  non-nucleated  fibres  in  the  cornea ;  4.  The  pale 
processes  of  the  nerve-cells  in  the  central  organs  and  ganglia.  It 
will  appear  that  all  the  nerve-fibres  of  the  embryo  are  in  the  con- 
dition of  the  pale  fibres  now  under  consideration.  We,  however, 
find  them  in  different  stages  of  development  in  the  adult.  In  the 
olfactory  nerve  they  remain  altogether  in  the  embryonic  stage,  the 
contents  being  much  less  consistent  than  an  axis-fibre.  In  the  Pac- 
chionian bodies  their  contents  in  all  respects  represent  an  axis-fibre; 
and  the  processes  of  the  nerve-cells  often  exactly  resemble  an  axis- 
fibre,  though  they  are  frequently  of  a  softer  consistence,  correspond- 
ing with  the  contents  of  the  nerve-cell. — In  the  invertebrcUa^  only 
the  pale  nerve-fibres  are  found. 

The  preceding  are  the  only  forms  of  fibres  found  in  the  cerebro- 
spinal nervous  system. 

But  is  there  not  still  another  variety  of  nerve-fibres  (gray  fibres) 
peculiar  to  the  sympathetic  or  ganglionic  nerves? 

So  far  as  any  peculiar  appearance  under  the  microscope  is  con- 
cerned, the  reply  may  be  decidedly  in  the  negative;  though  Bidder 
and  Volkmann  maintained  that  these  fibres  are  smaller  than  those 
in  the  cerebro-spinal  nerves,  and  also  in  other  respects  different. 

The  fact  is,  the  cerebro  spinal  nerves  contain  dark-bordered  tubes 
of  all  sizes,  from  the  finest  to  the  largest;  those  derived  from  the 
sensitive  roots  of  the  spinal  nerves  being  generally  finer  than  those 
from  the  motor  roots.  But  the  branches  of  the  sympathetic  also 
contain  the  same  varieties  of  nerve-fibres,  the  only  perceptible  dif- 
ference being  that  the  proportion  of  the  finer  tubes,  Tviiny  ^  bu'oc  of 
an  inch  in  diameter,  is  greater  in  the  sympathetic  nerves.  Some  of 
these  fine  fibres  are  also  known  to  originate  in  the  ganglia  of  the 
sympathetic,  but  in  a  manner  similar  to  the  origin  of  the  fine  fibres 
of  the  cerebro-spinal  nerves  in  the  cord  and  the  encephalon.  We 
also  find  fine  fibres,  precisely  like  the  so-called  sympathetic  fibres, 
constituting  the  distal  termination  of  the  coarsest  nerve-fibres;  and 
that  all  the  coarsest  double-bordered  nerve-fibres  are,  at  a  particular 
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Fig.  276. 


period  of  their  development,  precisely  in  the  condition  of  these 
fibres  of  the  sympathetic.  Finally,  it  is  even  true  that  the  same 
fibre  in  the  adult  is  often  seen  to  assume^tU  possible  varieties  of  size 
in  different  portions  of  its  course. 

There  are,  therefore,  no  nerve-fibres  peculiar  to  the  sympathetic 
nerves;  there  being  only  the  fine  and  the  large  fibres  already  de- 
scribed as  existing  in  the  cerebro-spinal  system. 

How,  then,  may  we  dispose  of  still  other  fibres  found  more  espe- 
cially in  the  peripheral  branches  of  the  ganglionic  (sympathetic) 
nerves — the  "gelatinous  fibres,"  or  "fibres  of  Remak?"  These, 
when  isolated,  present  the  aspect  of  fiat,  pale  fibres,  gVviy  ^  tbVit  ^^ 
an  inch  wide,  and  ij^y^xriy  o^  ^^  ^^^^^  thick,  of  an  indistinctly  striated, 
granular,  or  more  homogeneous  substance.  In  these,  acetic  acid 
shows  elongated  or  fusiform  nuclei,  averaging  about  ^^^^  of  an 
inch  in  length,  and  ^gVir  o^  ^^  ^^^^  in  width.  (Fig. 
276.)  They  are  found  in  great  abundance  in  the 
nerves  of  the  impregnated  uterus  {Remak),  some- 
times amounting  to  from  three  to  ten  times  the  num- 
ber of  the  dark-bordered  true  nerve-fibres. 

With  Valentin,  Kiilliker,  Bidder,  and  Volkmann, 
we  regard  the  fibres  just  described  merely  as  a  form 
of  clastic  tissue,  or  nuclear  fibres.  For,  Isi,  they  ap- 
pear to  arise  from  the  wall  of  the  nerve-cells  of  the 
sympathetic  ganglia;  2dlt/,  they  also  exist  in  the 
finest  twigs  of  the  spinal  nerves,  but,  being  absent 
in  the  trunks,  must  be  otherwise  than  nerve-fibres ; 
Sdly,  their  quantity  always  diminishes  towards  the 
finest  ramifications,  which  could  not  be  the  case 
were  they  true  nerve-fibres.  This  question  cannot, 
however,  be  settled  in  young  animals;  though  in 
them  a  nucleated  fibre  is  not  to  be  regarded  as  a 
nerve-fibre,  unless  it  can  be  traced  into  a  dark -bor- 
dered nerve-fibre,  or  to  a  process  of  a  nerve-cell. 

Finally,  the  fibres  of  Bemak  occur  also  in  the  ganglia  on  the  main 
sympathetic  trunk ;  but  they  do  not  extend  much  beyond  them, 
and  therefore  few  are  contained  in  the  trunk  of  the  nerye  itself. 


Oolatlnoas  flbm 
(flbreii  of  Remak) 
from  the  KoUr  plex- 
ui ;  treated  with  a- 
cctic  add  to  exhibit 
thetr  cell-naclel.— 
(Magnined  320  dia- 
rootofi*.) 


Distribution  of  the  Nerve-Fibres, 

The  nerve-fibres  constitute  the  principal  part  of  all  the  nerves, 
both  cerebro-spinal  and  ganglionic.    They  also  constitute  most  of 
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the  white  (fibrous)  portion  of  the  encephalon  and  the  spinal  cord; 
while  they  also  sometimes  form  even  one-half  of  the  gray  snbstanoe 
of  these  two  organs  and  o^  the  ganglia. 

It  has  already  been  shown  that  there  are  at  least  eight  or  nine 
times  as  many  coarse  as  fine  fibres  in  muscles  (p.  416);  while  the 
fine  fibres  greatly  predominate  in  the  ganglionic  nerves. 

Chemical  Oompoaition  of  the  Nerve-Fibres. 

It  appears  that  the  neurilemma  and  the  axis-fiibre  very  mnch 
resemble  elastic  tissue,  and  are  albuminous  compounds ;  while  the 
medulla  is  rather  a  fatty  compound.  It  is  not^  howeveri  to  be  sap- 
posed  that  either  of  these  three  has  a  chemical  composition  preciselj 
identical  with  that  of  any  other  tissue  whatever.  The  nerve-tisrae 
has  vital  properties  which  are  sui  generis,  and  doubtless  its  chemical 
composition  is  peculiar.  When  the  immediate  principle  peculiar  to 
this  tissue  is  identified,  it  may,  from  analogy,  be  called  nervine  (p. 
426).  A  quantitative  analysis  of  the  nerve-fibres  occurring  to  fonn 
masses,  will  be  given  in  connection  with  the  fibrous  substance  of 
the  brain. 

The  vessels  of  the  nerve-fibres  will  also  be  described  further  od. 

Functions  of  the  Nerve-Fibres. 

It  is  very  certain  that  the  nerve-fibres,  in  all  cases,  merely  minister 
to  the  central  parts  of  the  nervous  system;  being  merely^  the  media 
by  which  impressions  are  transmitted  to  and  from  the  latter. 

From  the  statement  of  Volkmann  (p.  416),  we  must  infer  that  many 
at  least  of  the  coarser  fibres,  if  not  all,  are  employed  in  transmitting 
impulses  to  the  muscles,  and  are  therefore  motor  nerve-fibres.  On 
the  other  hand,  the  fine  fibres  are  not  motor,  since  in  muscles  they 
are  sent  to  the  vessels  especially  (p.  416).  They  also  abound  in  the 
ganglionic  nerves.  The  inference,  therefore,  is,  that  the  fine  fibres 
must  include  both  the  sensory  and  the  ganglionic,  and  both  of 
which  are  afferent — i,  e.  they  conduct  impressions  to  the  centres  and 
ganglia;  while  the  coarse  fibres  are  efferent.  Still,  we  must  not 
assert  that  a  motor  fibre  is  coarser  throughout  its  entire  extent, 
since  they  sometimes  become  very  fine  at  their  distal  extremity. 

In  regard  to  the  office  of  each  of  the  three  component  parts  of 

I  In  the  performance  of  this  function,  however,  "  the  whole  extent  of  the  fibre 
between  the  point  stimulated  and  its  peripheral  and  central  connection  is  the  seat 
of  change  "  {Todd  mnd  Bowman^  p.  235.) 
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the  nenre-fibrea,  we  would  submit  that  the  neurilemma  is  originally 
for  the  development  of  the  contained  parts ;  the  medulla  protects 
and  isolates  the  axis-fibre ;  while  the  latter  is  endowed  with  the  pe- 
culiar vital  property  of  the  fibre,  whether  it  be  efferent  or  afferent 
Thus  the  motor  fibres,  being  most  exposed  to  undergo  pressure 
among  the  muscular  fibres  while  contracting,  need  a  thicker  me- 
dulla, and  are  therefore  coarser.  The  fibres  of  the  ganglionic  nerves 
are  at  the  other  extreme  in  this  respect ;  since  they  are  mostly  dis- 
tributed to  internal  parts  and  organs,  and  at  the  same  time  follow 
vessels  more  especially.  It  also  occurs,  that  a  thick  medulla  at  the 
distal  extremity  of  a  sensory  fibre  would  of  course  interfere  with  a 
prompt  impressibility  of  the  axis-fibre,  though  it  might  become 
medullated  while  lying  in  the  nerve-trunks.  Evidently,  also,  the 
protection  of  a  medulla  is  not  required  after  the  fibres  enter  the 
substance  of  the  encephalon  and  spinal  cord ;  and  here  the  fibres 
are  non-meduUated. 

For  the  present,  therefore,  we  are  not  perhaps  allowed  to  assume 
more  than  that  a  fibre  which  is  thickly  medullated  throughout  its 
entire  course,  is  very  probably  a  motor  fibre.  But  some  of  the  finer 
fibres  may  also  be  motor.  The  finest  fibres  are  not  peculiar  to  the 
ganglionic  nerves;  and  if  they  actually  manifest  a  peculiar  function 
(i.  e.(u  the  great  sympatiietic\  that  function  is  probably  manifested 
by  the  spinal  nerves  also,  in  proportion  to  the  fine  fibres  they 
oontain. 

Development  of  the  Nerve- Fibres. 

The  peripheral  portions  of  the  nerve-fibres  are  developed  inde- 
pendently of  the  central  portions;  but  in  such  a  way  that  the  lat- 


1.  Two  DerT»4brM  flroai  tb«  itehlatle  iierT«  of  a  nlxtoeii  we«ki'  embrjo.  2.  Nerre-tabM  fk-om  a 
avvlj  Uttered  rabbit  a.  Noarilomma.  6.  Nadeas.  c.  Medallarjr  theatb.  S.  NerTe-flbre  from  the  tail 
of  tha  tadpole  (a,  ft,  c),  aa  before;  at  d,  tbe  fibre  retains  ita  embrjonle  character ;  the  dark  bordered 
ibre  shows  a  divUlon.  {KMOur.) 
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ter  precede  the  former.  The  development  of  the  peripheral  extrt- 
mities  of  the  nerve-fibres  is  also  peculiar,  and  requires  a  distinct 
consideration. 

1.  The  nerve-fires  in  the  nerve-trunks,  except  their  peripheral 
terminations,  are  developed  in  their  positions,  from  primordial, 
fusiform,  nucleated  cells,  conjoined  into  pale,  flattened,  nucleated 
tubules,  Ttiijsjs  to  ^xiVij  of  an  inch  broad.  (Fig.  277.)  In  this  state 
they  are  gray,  or  dull  white ;  but  in  the  embryo  at  the  4th  to  the 

5th  month,  they  assume  a 
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Kerres  from  th«  tail  of  a  tadpole.  1.  Embryonic  nerre* 
fibres  In  which  more  than  one  dark-bordered  tabe  has  been 
developed.  2.  Similar  fibres  containing  bat  one  tube,  which 
in  one  fibre  eeases  at  (b).  3.  Embryonic  pale  fibres ;  4,  fusi- 
form cells  connected  together,  and  with  a  complete  nerre- 
fibre.— Magnified  SM  diameters.    (KbOiker.) 


white  color,  and  the  me- 
dulla continues  to  be  more 
and  more  developed  in 
them,  and  thus  they  be- 
come dark-bordered  fibres. 

Thus  the  axis-fibre  ap- 
pears to  be  developed 
from  the  central  portion 
of  the  contents  of  the  ori- 
ginal tubule,  while  the 
external  portions  undergo 
a  sort  of  fatty  metamor- 
phosis into  the  medulla. 

2.  The  development  of 
the  peripheral  termincUians 
of  the  nerve-fibres,  has 
been  investigated  satis- 
factorily only  in  the  tail 
of  the  tadpole.  The  pale 
nucleated  tubules  describ- 
ed under  the  preceding 
head,  here  and  there  anas- 
tomose, and  terminate  in 
free  fibrils  of  the  finest 

kind,  gxrixrir  to  srshnTs  of 
an  inch  in  diameter. — 
These  are  evidently  form- 
ed from  the  coalescence  of 
fusiform  or  stellate  cells; 
and  continue  to  be  pushed 
further  by  offsets  towards 
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the  periphery,  and  finally  form  a  very  fine  terminal  plexus,  with 
anastomoses  and  free  ends.  (Fig.  278.)  Next,  the  fibres  gradually 
enlarge  to  from  two  to  four  times  their  original  diameter,  and  dark 
bordered  fine  fibres  are  gradually  developed  in  them  in  the  peri- 
pheral direction.  Sometimes  two  to  four  dark  bordered  tubules 
are  developed  within  the  same  embryonic  fibre,  in  the  tadpole;  a 
fact  not  yet  established  in  regard  to  the  higher  animals. 

3.  The  development  of  the  nerve-fibres  in  the  central  organs  has 
not  been  thoroughly  investigated.  Tubules  begin  to  form,  how- 
ever, in  the  white  substance  of  the  fcetal  brain  at  the  end  of  the 
2d  month,  by  the  coalescence  of  cells.  In  the  4th  month,  nuclei 
are  still  occasionally  to  be  seen  in  the  now  wider  fibres,  though  the 
latter  do  not  become  dark-colored  before  the  middle  period  of  foetal 
life;  and  in  the  white  portion  of  the  cord  sooner  than  in  that  of  the 
brain. 

The  fibres  in  the  ganglia  are  developed  subsequently  to  those  of 
the  nerve-trunks,  and  apparently  in  the  manner  just  described. 

The  growth  of  the  nerve-fibres  is  apparently  secured,  after  the 
4th  month  of  embryonic  life,  solely  by  the  enlargement  of  the 
already  existing  elements.  No  new  fibres  are  found  after  this  pe- 
riod. According  to  Harting,  the  size  of  the  fibres  in  the  median 
nerve  in  the  human  foetus  at  4  months,  the  new-born  child,  and  the 
adult,  is  as  8.4,  10.4,  and  166. 

When  nerve-fibres  are  cut  across,  they  readily  unite ;  and  por- 
tions, 8  to  12  lines  long,  may  be  entirely  regenerated,  when  removed 
from  the  peripheral  nerves.  Incised  wounds  of  the  spinal  cord 
unite  also.    {Broivn  Sequard.) 

Pathological  States  and  New  Formations  of  the  Nerve-Fibres. 

1.  The  nerve-fibres  are  readily  destroyed  by  extravasation  of 
blood,  tumors,  softening,  fibroid  growths,  &c. ;  in  which  case  the 
medulla  breaks  up  into  larger  or  smaller  masses,  while  the  axis- 
fibre  disappears.  Continued  pressure  sometimes  leads  to  a  com- 
plete interruption  of  continuity  of  the  fibres  at  the  point  com- 
pressed. 

2.  In  atrophied  nerves  the  fibres  are  thinner,  easily  broken  up, 
and  sometimes  the  medulla  is  converted  into  minute  fatty  mole- 
cules. 

8.  It  is  not  known  that  hypertrophy  of  the  nerve-fibres  ever 
occurs. 

4.  In  case  a  divided  nerve  does  not  unite  (as  necessarily  after 
ampatation),  the  fibres  usually  become  yellowish,  soft,  lacei-able,  and 

28 
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BO  longer  present  any  trace  of  a  doable  contour,  tbe  medolla  being 
coagulated. 

6.  Wbat  is  called  neuroma  is  decided  by  Wedl  to  be,  sometimes 
at  least,  a  cancerous  deposit  in  the  continnity  of  a  nerre. 

6.  A  new  formation  of  fine  nerve-fibres  was  noticed  by  Virebow 
in  pleuritic  and  peritoneal  adbeaions. 

II.  Cellular  {wsicalar)  Nebvb-Tissdb,  or  Nebte-Cells. 

The  nerve-cella  (nerve-corpuscles,  Yaleniin)  vary  extremely  in 
their  size;  occurring,  like  the  nerve-fibres,  as  large,  sntall,  and  in- 
termediate. The  extremes  are  g^i;,  and  ^}sts  of  an  inch.  The 
nuclei  are  from  ^^^  to  eoVv  of  an  inch,  and  the  nucleoli  s^tim  to 
jiAju  of  an  inch  in  diameter. 

Many  varieties  of  form,  are  also  presented  by  the  nerre-cellB. 
(Figs.  279  and  280).    The  spherical  form  (apolar  cells)  occurs  more 


abundantly  in  the  ganglia ;  but  the  original  form  of  most  nerve- 
cells  is  modified  by  prolongations — poles,  or  pale  processes.  Of 
these  there  may  be  trom  1  to  6,  or  even  8 ;  hence  the  cells  are 
termed  uni-,  bi-,  tri-,  or  pulti-polar.  These  processes  are  also  fre- 
quently branched.  (Fig.  280.)  There  are,  however,  no  cells  with 
branched  processes  in  the  ganglia;  but  ODly  those  having  1  to  4 
pale  processes,  and  which  are  continuous  with  dark-bordered  uerve- 
ftbres. 
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The  cell-membrane  may  be  demonstrated  easily  in  the  cells  of  the 
ganglia,  bat  with  great  difficulty  in  those  of  the  central  organs,  and 
not  at  all  in  the  smallest  cells  of  the  latter.  No  membrane  can  be 
detected  in  the  processes  of  the  central  cells  generally. 

The  contents  of  the  nerve-cells  are  a  soft,  tenacious,  elastic,  sub- 
stance, consisting  of  two  elements,  besides  the  nucleus;  (1),  a  clear, 
light-yellowish,  or  colorless,  homogeneous  substance,  an  albumin- 
ous compound  very  much  resembling  the  axis-fibres,  and  on  which 
the  physical  properties  of  the  contents  depend ;  and  (2),  minute 
granules  of  different  kinds  suspended  in  the  former.  These  are 
sometimes  larger  and  yellowish,  brown,  or  blackish ;  in  which  case 
the  cells  are  colored  (as  forming  the  gray  matter  of  the  nervous 
centres) ;  while  in  the  colorless  nerve-cells  they  are  minute  and 
pale,  uniform,  and  roundish  in  form.  They  consist,  in  great  part, 
of  fat. 

The  nucleus  lies  in  the  midst  of  the  contents  just  mentioned; 
usually  as  a  very  clear  spherical  vesicle  with  distinct  walls,  trans- 
parent contents,  and  one,  and  rarely  severa:l,  opaque  nucleoli,  occa- 
sionally exhibiting  a  cavity. 

Distribution  o/tlie  Nerve- Cells. 

The  nerve-cells  occur  in  great  numbers  in  the  gray  substance  of 
the  encephalon  and  spinal  cord,  in  the  ganglia,  and  occasionally 
also  in  the  trunks  and  peripheral  expansions  of  the  nerves ;  as  in 
the  retina,  cochlear  nerve,  &c. 

Chemical  Composition  and  Physical  Properties  of  the  Nerve- Cells. 

The  chemical  composition  of  the  gray  portion  of  the  brain 
(made  up,  in  great  part,  of  the  cells  in  question),  will  be  given  fur- 
ther on  in  this  chapter. 

If  isolated  nerve-cells  are  compressed,  they  become  much  flat- 
tened, but  resume  their  original  form  afler  the  pressure  is  removed. 
Their  processes  also  are  very  elastic. 

An  abundance  of  blood  is  distributed  to  the  nerve-cells.  The 
vessels  will  be  described  in  the  second  part  of  this  chapter. 

Functions  of  the  Nerve- Cells. 

Since  the  nerve-cells  constitute  the  principal  element  in  the  gray 
matter  of  the  centres,  and  of  the  ganglia,  and  this  presides  over  the 
higher  ftinctions  of  the  nervous  system,  while  its  other  portions  are 
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merely  a  conducting  apparatus  (p.  480) ;  it  must  be  inferred  that 
the  cells  are  the  source  of  motor  impulses  on  the  one  hand,  and 
the  recipients  of  sensory  imprelssions  on  the  other. 

It  has  been  seen  that  the  largest  nerve-fibres  are  certainly  mostly 
motor,  and  the  finest  sensory  and  ganglionic.  We  also  find  the 
largest  nerve-cells^in  situations  whence  motor  eSects  proceed:  as  in 
the  anterior  horns  of  the  spinal  cord,  among  the  fibres  of  the  ante- 
rior roots  of  the  spinal  nerves ;  in  the  medulla  oblongata,  at  the 
points  of  origin  of  the  motor  cerebral  nerves;  and  in  the  cortical 
substance  of  the  cerebellum,  pons  Varolii,  and  crura  cerebri.  On 
the  other  hand,  the  smallest  cells  are  found  in  the  sensitive  and 
sympathetic  regions — as  the  posterior  horns  of  the  spinal  cord,  the 
corpora  restiformia,  and  quadrigemina;  and  in  the  sympathetic 
ganglia.  Still,  there  is  no  constant  relation  between  the  size  of  the 
cells  and  their  function,  whether  motor,  sensory,  or  sympathetic: 
since  in  the  optic  thalami  and  in  the  ganglia  of  the  cerebro-spinal 
nerves,  and  even  of  the  sympathetic,  both  sorts  of  fibres  arise,  from 
large  cells  in  one  place,  and  from  small  ones  in  another.  There  are, 
however,  more  small  cells  in  the  sympathetic  ganglia. 

But  it  must  be  remembered  that  many  of  the  cells  in  the  cere- 
brum and  the  cord  are  probably  neither  motor,  sympathetic,  nor 
sensory.  Such  are  those  which  are  not  in  direct  connection,  through 

Fig.  280. 


a.  A  large  nerre-eell  with  diverging  and  branching  prooesset,  some  of  which  (b)  are  seen  to  pas-o 
off  Into  extremely  minute  filaments.  These  bear  a  verf  close  resemblance  to  the  axls-cjlinder 
of  a  tabular  fibre,    e.  Small  nerre-oells.   /.  Small  nerre-fibrei,  some  being  Taricose. 

their  processes,  with  the  nerve-fibres.  Of  these  there  are  two  kinds: 
Istj  apolar  cells,  existing  in  the  sympathetic  ganglia,  and  in  some 
situations  in  the  brain  (Fig.  289);  2dly,  multipolar  cells  (Fig.  280), 
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which  are  not  prolonged  into  nerve-fibres.  It  is  not  easy  to  specify 
the  function  of  the  former;  but  since  the  processes  of  the  latter 
apparently  fulfil  the  functions  of  nerves,  it  is  probable  that  they 
bring  different  regions  of  the  central  organs  into  mutual  connection. 
Cells  of  this  kind  exist  in  the  spinal  cord  and  the  brain  every- 
where, in  large  amount,  but  not  in  the  ganglia. 

The  cells  in  the  gray  matter  of  the  brain,  which  is  regarded  as 
the  seat  of  the  mental  manifestations,  exhibit  no  peculiarities  by 
our  present  means  of  research. 

While,  therefore,  we  may  regard  cells  connected  with  nerve- fibres 
as  being  either  motor  or  afferent,  the  functions  of  the  apolar,  and 
the  multipolar  not  thus  connected,  must  be  established  by  future 
investigations. 

Development  of  the  Nerve-  Cells. 

The  nerve-cells  are  merely  transformed  primordial  cells ;  some 
simply  enlarging,  while  others  throw  out  a  varying  number  of  pro- 
cesses, and  some  of  them  are  connected  with  nerve-fibres. 

Many  nerve-cells  also  appear  at  a  subsequent  period  to  increase 
by  division,  from  the  fact  that  two  nuclei  sometimes  occur  in  the 
nerve-cells  of  young  animals. 

Valentin  thinks  he  observed  regeneration  of  nerve-cells  in  the 
superior  cervical  gj\nglia  of  the  rabbit.  Gluge  also  maintains  that 
the  gray  matter  of  the  brain  is  reproduced  after  b^ing  removed. 

Pathological  States  and  New  Formations  of  tfie  Nerve- Cells, 

The  deposit  of  pigment-granules  becomes  excessive  in  the  cells 
of  the  bram  in  old  persons.  Fatty  deposition  also  occurs  in  them — 
a  fatty  degeneration. 

The  ganglia  become  atrophied  in  old  persons ;  in  which  case  the 
ganglion -cells  are  less  numerous,  and  contain  more  pigment.  Atro- 
phy of  the  abdominal  ganglia  also  occurs  as  a  sequel  of  typhus. 
l^Raciborski,) 

A  new  formation  of  gray  nerve-cells  sometimes  occurs  on  the 
walls  of  the  cerebral  ventricles.  (  Virchow,) 

SECTION  II. 
8TBU0TUBE  OF  THE  NERVOUS  SYSTEM. 

The  nervous  system  consists  of — 

I.  The  nerves  proper,  and  their  ganglia. 
II.  The  nervous  centres. 
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I.  Steuotdbk  of  the  Nebvbs. 
The  nerves  ooDtain  the  following  histological  elements: — 

1.  Nerve-fibrea. 

2.  Areolar  tissue. 
8.  Bloodvessels. 

1,  The  nerve-fibres  have  been  sufficiently  described  (pp.  42S-9). 

2.  The  areolar  tissue  is  insinuated  between  the  individnal  fibres 
in  the  nerve-trunks,  and  also  Invests  the  whole  nerve  extemallj, 

and  is  therefore  termed   the  perina^ 
Kg.  281.  num.'    Fig.  281  shows  a  section  of  the 

ischiatic  nerve  of  the  calf,  and  the  areo- 
lar tissue  between  its  component  nerve- 
fibrea  ;  the  latter  being  first  collected 
into  the  primary  fasciculi,  and  these 
into  the  secondary,  as  has  been  shown 
in  respect  to  the  fibres  of  mosole  and 
TnuTHH  Hctian  of  ths  lasbutiii    of  tendou.   The  fiuest  subdivisions  (in- 
Dw».ofth.«i/.  o  R.»™»ip«i«a-    temalperineurinin)ofth6perinenriuin, 
thud;  tha  npiniB  ttn\m\\  af  nam-    lying  betweeo  the  fibres  are  in  the  form 
"™M!gIi»^  wZZti^'^l^^)    of  f  homogeneous  jDembrane,  with  nn- 
clei  x^v  ^^  ^°  vac^  in  diameter,  and 
which  may  be  regarded  as  embryonic  collagenous  tissue  (p.  27S). 
The  elastic  fibres  are  not  seldom  entwined  around  whole  &sciculi. 
8.  The  bloodvessels  of  the  nervea  are  not  very  numeroud.    They 
extend  principally  in  a  longitudinal  direction,  and  form  a  loose 
plezus  of  minute  capillaries  of  ^^^j^  to  jj'nj  of  an  inch,  with  elon- 
gated interstices.     This  invests  the  fasciculi,  and  penetrates  them, 
but  never  surrounds  individual  nerve-fibres. 

The  nerves,  in  respect  to  their  origin,  are  of  three  kinds,  and 
will  be  described  in  the  following  order: — 
1,  The  spinal  nerves. 
■  2.  The  ganglionic  nerves. 
8.  The  encephalic  nerves. 

'  I'Vom  Mfi,  aronnd,  and  nZfti,  a  nerre. 
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1.  TTie  Spinal  Nervet. 
The  thirty-ooe  pairs  of  nerves  connected  with  the  spinal  cord 
riae  from  two  roots,  anterior  and  posterior,  or  motor  and  sensory. 
(Fig.  282.)    Sometimes,  how- 
ever, the  first  nerve  has  only  Hg-  282. 
AD  Anterior  root,  and  the  last 
s  posterior  only. 

1.  The  roots  of  the  spinal 
nerves  are  inclosed  in  a  de- 
licate perineurimn  derived 
tttm.  the  pia  mater,  g^^  of 
an  inch  thick,  and  sending  in- 
ternal septa  among  the  indi- 
vidual nerve-fibres,  which  are 
coarse  in  the  motor  root  An- 
astomoses between  the  roots 
frequently  occur,  and  &r  most 
ao  between  the  posterior  roots. 

The  two  roots  converging, 
separately  perforate  the  arach- 
noid and  dura  mater,  and  re- 
ceive a  firmer  investment 
from  the  latter;  then'proceed- 
iBg  fHirther,  the  posterior  root 
fbrms  its  ganglion ;  after  which 
the  two  roots  unite  to  form  c 
the  common  spinal  nerve-  ' 
trnak.  t 

2,  The  gcmgUim  on  the  pos-  | 
tenor  root  is  formed  as  fol- 
lows: Nerve-cells  (gangUim-celb)  are  developed  among,  but  princi- 
pally externally  to,  the  nerve-fibres,  each  giving  off"  one,  two,  or 
several  nerve-fibres  (ganglum-^irea),  which  proceed  in  company  with 
the  original  sensitive  fibres  of  the  posterior  root,  and  merely  pass 
among  the  ganglion-cells,  and  reunite  after  traversing  the  ganglion. 
The  root,  however,  becomes  somewhat  increased  in  size  from  the 
addition  of  the  ganglion-fibres.  (Fig.  283 ) 

The  ganglwn-ceiU  have  a  distinct  membrane,  are  mostly  rounded, 
elongated,  or  pyrifonn,  and  a  little  Battened,  averaging  ais  to  ^^^ 
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^H  Fip-  283.  of  an  inch.     Their  con- 

^^M  ^^^^^^  tenta  are  finely  granular 

^^B  ^  ^^^H^^H'^  throughout,  nod  frequent- 

^^^^^^^^  ^^^H^^l  ly  near  the  on- 

^^^^^^^B  ^^^^H^^^^  cleus  an  accumiiUtiuD  dt 

^^^^^^y  ^.^^^^^^K^^^  yellow   or 

^  ^CjWOiy^^^HH^^^I  brown    larger    pigmei^ 

^^M  /^^^^^^^^HI^^H  granules,  which  increaan 

^^B  /^G^^^^^^^^^K^^^I  °^^  ^^^'     '^^^  nad« 

^^1  /^vM.3^^^^^^^E^^^^I  average  2Qiog,and  thonii^ 

^^M  I^^^^^^^^^^^BC^^^^I  cleoli    ggiog   of  OD   ibcJl 

^^1  *  '|^^^^^^^^^^^^k|/,^^^|  '^^'^  ^"^  '"''^  more  abtm* 

^H  l^^v^^^^^^^Br&'J^^^I  *^^"''  **"  ^'^'^  surface  of  tfai 

^H  ^^^^^^^^^^^^^^^^^1  g^°g''°"i  between  the  pa- 

^^K  V^^i^^^^^^^^E^  ^^^1  rineurium  and  the  origv 

^^H  ^^^^^^^^^^H -' ^^^1  '^^  sensitive  fibiu;  bot 

^^M  ^^^^^^^^^H'  ^^^1  ^^^y  ^'^  occupy  tho  in* 

^^B  ct---^^^^^^^^H  ^^^1  terslices    between    tlieH 

^^H  ^^^^^^A^^^l  They  are  &ppt^ 

^^B  ^^^^^B^^^l  rently  retained   in   th«r 

^^^^^^H  ^^^^^^^^^m  place  by  offeets  from  the 

^^^^^^^^  MiK^^t^^^^^^^L  form  a  nucleated 

^^^^^^  ^^^^^^^^^^B  Ra.      capsule     around     them, 

^^^        ^^^^^^ft  calledtbeirecfcr?taJ»AatlA. 

A  m»b„  ^ngiioB  .f  .  7--«  *"«,  t""- >  -""  •«'.■    Iletnat^"  a™  a'^o   found 
«.  somiii™  (0..1-   jf,  Muwr  rMi.  J1.U.  jnii.Hutbr.ucii    amoug  thc   clementB   of 

d.ci..ii.a  fraa,  boll,  ru„«  u  m.=i6..i,   o.  Q«|ii«.  -lib    the  ganglia  (p.  429). 
.h,«ii.Mdg.ogii<.n-«bn.^p,-hi.h«d«iB.tn.i.»uiBBios         By   for    the    Bri.'«Iesi 

th«  WI..I11..  roou,  inienliif  lilt  gkDgllon.    (»U«nlll.d  «  ^  " 

diiniicn.)  number  ol   toe  ga^i^iwa- 

cdh  give  off  pale  pro- 
ceaaea  j^'ois  to  joSio  o*"  *"  i"''''  'n  diameter.  These  are  continued 
into  dark-bordered  and  double-contoured  nerve-fibres  (the  gtrnQhon- 
JU>re8).     (Fig.  285,  A.) 

Possibly  apolor  gaDgliou-cells  also  eziEl,  but  this  is  not  certain;' 
ajid  if  there  be  any  bipolar  cells,  both  their  ganglion-fibres  are  be- 


.■lla  Aie  (Teqaeatif  met  with  in  the  ganglia  aberrantia  of  H^tU;  i.  t 
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liered  to  extend  ia  the  peri-  ^>  2B4. 

pLerel  direotion. 

8.  The  ganglion-jibrea  thus 
ariaing,  which  frequently  arch 
round,  or  emhrace  the  cells 
with  several  circular  turns,  are 
At  first  fine,  or  g-^,  to  jj^fj  oF 
an  inch;  but  increase  up  to 
tAd.  lAo.  and  even  to  ^-^jg 
nf  an  inch,  while  atill  with- 
in the  ganglion,  thus  becom- 
ing thick  dbres.  The  special 
xheaths  of  the  pale  processes 
ore,  however,  continued  over 
tfie  fibre  only  till  it'  leaves  the 
ganglion,  when  the  common 
perineuriom  takes  their  place. 

It  is  clear  that  the  subdivisions  of  the  trunks  of  the  spinal  nerves 
formed  as  already  explained)  will  contain  motor,  sensory,  and  gan- 

Vig.  2S&. 


From  ihe  OaH«r1ui  guiflliui  al 
uiUan  call!  wltli  Oaii  ddcIh 
t\t,  ADd  ptgmeDl-      t    Tpbnlk 


uaud  II.  bj  Ibe  dlUlsd  ■iMklh  vt  lh« 

dlUtad  partlon  Of 
wllti  thaaxU- 


glionic  nerve-fibres.  The  coarse  fibres  are  finally  sent  to  the  mus- 
olea,  and  the  finer  are  given  ofi*  in  the  cutaneous  nerves,  and  those 
of  other  sensitive  parts.  The  ultimate  distribution  of  the  ganglionic 
fibres  has  not  been  anatomically  settled.  They  are,  however,  pro- 
bably mostly  given  off  in  the  vascular  nerves  of  the  extremities, 
glands,  and  akin. 

The  proportion  of  the  coarse  to  the  fine  fibres  in  the  main  trunks 
of  the  spinal  nerves,  is  as  10  to  11;  while  in  the  muscular  nerves  it 
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is  aa  10  to  from  1  to  3.3.  {Bidder  atid  VollcTnann.)  The  nerves  ofbooe 
contain  in  their  trunks  J  of  coarse,  and  J  of  fine  fibres;  while 
those  of  the  articulations,  tendons,  and  membranes,  exhibit  a  great 
preponderance  of  fine  fibres.  {Kolliker) 

4.  The  manner  in  which  the  motor  nerve-fibres  terminate  (by 
divisions,  &c.),  has  already  been  described  (p.  416).  The  termiiu- 
tions  of  the  sensory  fibres  in  loops,  divisions,  and  free  terminations, 
will  be  described  in  the  chapter  on  the  akin.    (Chap.  SI.) 

A  peculiar  form  of  termination  of  the  apinal  nerves,  is  however 
to  be  noticed  here ;  viz.,  that  in  the  Pacinian  hodies}     These  organs 

Fig.  286. 


are  of  an  elliptical  or  pyriform  shape,  of  a  whitish  transparent  color, 
with  white  streaks  internally,  and  are  from  5"^  to  J  of  an  inch  in 
diameter.  They  are  constantly  found  on  the  cutaneous  nerves  of 
the  palm  of  the  hand,  anil  the  sole  of  the  foot,  in  the  subcutaneous 
areolar  tissue,  aud  most  numerously  on  the  fingers  and  toea,  parti- 
cularly on  the  third  phalanx.  There  are  about  600  in  the  hand, 
and  not  quite  so  many  in  the  foot.  (Fig,  286.)  They  are  always 
'  Prom  Padni,  n-ho  disaoveted  them  la  1640. 
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fonnd,  also,  in  tbe  sympathetic  plexus  in  front  of,  and  close  to, 
the  abdominal  aorta,  behind  the  peritoneum,  especially  near  the 
pancreas;  frequently  in  the  mesen- 
tery close  to  the  intestine;  and 
veeationalhj  on  the  internal  pudic 
nerre,  od  the  glaas  penis,  the  bulb 
of  the  urethra,  the  intercostal  nerves, 
sacral  plexus,  cutaneous  nerves  of 
the  arm  and  forearm,  the  dorsum 
.  of  the  band  and  foot,  and  the  cuta- 
neous nerves  of  the  neck. 

The  Pacinian  bodies  consist  of 
twenty  to  sixty  concentric  layers 
of-  connective  (areolar)  tissue;  the 
external  being  sepaHited  by  wider, 
and  the  internal  by  narrower  inter- 
spaces, containing  a  clear  serons 
moisture,  and  which  is  collected  in 
larger  quantity  in  an  elongated 
central  cavity  bounded  by  the  in- 
nermost lamella  (Fig.  287).  A 
rounded  peduncle  formed  from  the 
continuation  of  its  lamella),  and 
connected  with  a  nervous  twig,  in- 


closes a  dark  i 


B-fibre,  a 


an  inch  or  more  in  diameter,  and 
conducts  it  into  the  centra)  cavity 
of  the  Pacinian  body.  Here  it  be- 
comes ,^gg  of  an  inch  wide,  and 
i^v  of  an  inch  tbick,  pale,  non- 
medullated,  almost  like  an  axis- 
fibre,  and  terminates  in  the  distal 
part  of  the  cavity  in  a  free,  slightly 
granular  tubercle,  frequently  with  a  bifid  or  a  trifld  extremity. 

Tbaftm^ion  of  these  bodies  is  still  entirely  unknown. 

6.  The  aniuiomoats  of  the  branches  of  the  spinal  nerves,  consti- 
tuting the  several  plexuses,  present  no  histological  peculiarities, 
aud  may  be  studied  in  the  works  on  descriptive  anatomy. 
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2.  The  Oanglionic  Nenxs, 

These  are  usually  included  under  the  designation  of  the  "sym- 
pathetic nerve,"  or  "  nerves  of  organic  life."  They  are  to  be  re- 
garded rather  as  an  appendage  to  the  spinal  nerves,  and  are  hence 
next  to  be  described. 

The  sympathetic  nerve  consists  of  a  whitish  trunk  with  a  series 
of  ganglia  (Fig.  282,  s)  upon  it ;  into  which  branches  pass  from  the 
spinal  nerves  (the  rami  communicantes.)  In  the  chest  and  abdo- 
men, these  ganglia  and  the  main  nerve  are  situated  on  each  side  of 
the  spinal  column. 

We  have  to  consider: — 

A.  The  connecting  branches. 

B.  The  ganglia,  and  their  fibres, 

A.  The  rami  communicantes  rise  from  the  trunks  of  the  spinal 
nerves  immediately  after  they  are  formed  by  the  junction  of  the 
anterior  and  posterior  roots.  They  contain  both  the  coarse  and  the 
fine  nerve-fibres,  but  always  a  preponderance  of  the  latter;  of  which 
a  portion  may  be  derived  from  the  spinal  ganglia.  They  may  thus 
be  regarded  as  the  roots  of  the  sympathetic.  Possibly  they  are 
derived  in  some  small  degree  from  the  sympathetic  itself  also;  the 
fibres  from  the  latter  source,  however,  entering  the  main  tr\ink  with 
the  rest. 

Having  entered  the  trunk  of  the  sympathetic,  the  communicating 
branches  run  both  upwards  and  downwards  in  it,  towards  its  ce- 
phalic and  pelvic  extremities.  Finally,  they  doubtless  go  oflTto  be 
distributed  in  its  peripheral  branches;  since  all  the  latter  frequently 
contain  the  same  dark-bordered  thicker  fibres. 

B.  The  ganglia  of  the  sympathetic  have  essentially  the  same 
structure  as  the  spinal  ganglia.  They  consist  (1)  of  perforating 
nerve-fibres,  proceeding  from  one  part  of  the  trunk  to  the  other, 
besides  those  of  the  rami  communicantes;  (2,)  of  numerous  gan- 
glion-cells, and  (3)  of  ganglion-fibres  originating  from  the  last 
(Fig.  288.) 

1.  The  perforating  fibres  require  no  special  description. 

2.  The  ganglioncelk  precisely  resemble  those  in  the  spinal  gan- 
glia (Fig.  284),  except  that  they  are,  on  an  average,  smaller;  being 
loVu  ^  Ta'oo  ^f  ^^  i^^^  ^^  diameter,  with  less  and  paler  pigment, 
or  even  none  at  all ;  and  usually  pretty  uniformly  rounded.    Cells, 
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however,  exist  in  the  spiDal  ganglia  as  ^8-  ^■ 

small  as  any  found  here.    On  the  other 

hand,  some  of  these  measure  even  ,^q 

of  an   inch.     Tbej  are  mostly  unipolar, 

and  very  rarely  bipolar.    Apolar  cells 

Bie  also  more  abundant  than  in  the  spinal 

ganglia.  (Fig.  289.) 

S.  The  gangliim-jihres  are  of  the  finest 
kind,  isiD7  to  sd'ds  of  an  inch  in  diame- 
ter. They  are  dark-bordered,  but  pale. 
They  constitute  a  large  proportion  of  the 
sympathetic  trunk,  and  its  branches,  but 
are  in  no  respect  peculiar  to  it,  as  has 
been  shown  (p.  429).  The  existeDce  of 
these  fibres  does  not  confer  aspecial  func- 
tion on  the  sympathetic  nerve,  and  which 
does  not  exist  elsewhere;  though  they 
may  manifest  a  peculiar  function  wlier- 
ever  /ound,  whether  in  the  sympathetic 
or  the  spinal  nerves. 

The  "  fibres  of  Itemak"  which  have 
already  been  described,  also  enter  into 
the  structure  of  the  peripheral  branches 
of  the  sympathetic  nerves;  and  some- 
times constitute  three-fourths  or  even 
nine-tenths  of  the  branch  (p.  429). 

A  great  number  of  ganglia  also  occur 
on  the  peripheral  branches  of  the  sympa- 
thetic, some  of  them  of  merely   micro-     irJiitoT,)         '  —- ^.^."-".-. 
scopic  dimensions.     They  have  a  struc- 
ture like  that  before  described,  and  the  ganglion. cells  give  off  new 
fibres,  so  that  the  emergent  branches  always  aontain  an  increase  of 
them.    In  these  also  many  of  the  celk  are  apolar. 

How  are  the  fibres  of  the  sympathetic  finally  distributed  ? 

1.  The  fibres  terminate  by  division  in  some  cases;  e.  g.  the  nerves 
of  the  spleen,  in  the  Pacinian  bodies  of  the  mesentery,  in  the  nerves 
temporarily  existing  in  the  uterus  of  the  rodentia,  and  those  of  the 
dura  mater  on  the  meningeal  arteries,  iia.  2.  There  are  free  ter- 
minations of  the  fibres;  as  in  the  Pacinian  bodies,  and  the  mesen- 
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Fig.  289  teric  vessels  of   the  frog.      8.  The  thicker 

fibres  become  the  finest  kind,  and  ultimately 
Qon-medallated  embryonic  fibres,  in  all  pro- 
bability. But  nothing  precise  is  jet  known  re- 
specting their  terminations  in  the  heart,  lungSf 
stomach,  intestine,  kidneys,  spleen,  liver,  ute- 
rus, &c. 

The  many  plexuses  of   the  great  sympa- 
thetic, and  which  affect  a  relationship  to  the 
ApoiarnerT«Mjeu.frointhe    j^qj.|^  ^^^  [^  abdomiual  subdivisions,  present 

eurdlac  ganglia  of  the  firog ;  .  ... 

one  within  the  origin  of  a    uo  histologicsl  peculiarities. 

nerre-tnbe.— Magnified  300 
dlameten.    (KoUUur.) 

8.  The  Encephalic  Nerves. 

The  twelve  pairs  of  nerves  rising  from  the  encephalon  correspond 
(except  the  first,  second,  and  eighth  pairs)  so  closely  with  the  spinal 
nerves  in  most  respects,  that  only  a  brief  description  of  them  is 
here  required. 

All  these  nerves,  except  the  fifth  pair  (trigeminus),  ninth  (glosso- 
pharyngeal),  and  tenth  pair  (pneumogastric),  and  perhaps  the  ele- 
venth (spinal  accessory) — rise  from  a  single  root  instead  of  two; 
and  are,  therefore,  exclusively  motor  or  exclusively  sensory.  The 
fifth  pair  is,  however,  histologically  and  physiologically  a  spinal 
nerve;  and  for  the  description  of  its  ganglion  (the  Gasserian),  and 
its  final  distribution,  we  refer  to  the  spinal  nerves.  Several  gan- 
glia are,  however,  placed  upon  it  (submaxillary,  &c.),  as  upon  the 
sympathetic ;  and  they  present  the  same  structure  also  as  the  latter, 
except  that  they  contain  a  considerable  number  of  larger  nerve, 
cells.  The  ninth  pair  (glosso-pharyngeal),  though  endowed  with 
motor  properties,  has  no  fibres  which  do  not  pass  through  the  one 
or  the  other  of  its  ganglia.  Its  ultimate  ramifications  in  the  tym- 
panic cavity  and  in  the  tongue,  contain  small  ganglia.  The  tenth 
pair  (pneumo-gastric^  has  all  its  roots  enter  the  jugular  ganglion 
in  man ;  while  in  several  lower  animals  (dog,  cat,  rabbit,  &c.),  it  has 
a  primary  fasciculus  not  connected  with  the  ganglion.  The  latter 
presents  no  peculiarity,  except  that  the  nerve-cells  occasionally 
measure  only  t?Sv  ^^  ^^  inch,  though  there  are  many  as  large  as 
-fjfjf  of  an  inch.  The  ultimate  distribution  of  this  nerve  exhibits  a 
constant  separation  of  thicker  from  more  slender  fibres ;  so  that  the 
branches  to  the  oesophagus,  heart,  and  stomach  are  composed  almost 
entirely  of  fine  fibres ;  while  in  those  going  to  the  lungs,  and  in 
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like  superior  laryngeal  nerves,  the  finer  are  to  the  thick  only  ss  2  to  1. 
On  the  other  hand,  ih  the  inf'irior  laryngeal  nerves  and  the  pharyn- 
geal branches,  the  thick  fibrea  are  to  the  fine  as  6,  or  even  10,  to  1. 
All  these  fine  fibrea  arc  not,  however,  derived  from  the  great  sym- 
pstbetic;  but  mostly  from  the  ganglion-cells  on  the  original  roots  of 
this  nerve,  {KollHcer.)  The  eleventh  pair  (accessory  of  Willis)  is 
perhaps  also  in  part  sensitive;  but  has  no  cells,  and,  so  far  as  is 
known,  presents  nothing  peculiar. 

The  motor  encephalic  nerves  are  the  third  pair  (oculo-raotores) ; 
fourth  pair  (pathetioua) ;  sixth  pair  (motor  extemus);  seventh  pair 
(Qtcial),  and  twelfth  pair  (hypoglossal).  All  these  present  the  same 
oonditions  as  the-anterior  roots  of  the  spinal  nerves,  except  that  all 
of  them  anastomose  wiih  sensitive  nerves,  and  thus  carry  sensitive 
as  well  as  motor  fibres  to  the  muscles.  A  ganglion  is  also  found 
in  the  facial  nerve  (intumescentia  gaDglioformis) ;  and  also  on  the 
third  pair  in  the  ox,  according  to  Rosenthal  and  Purkinje.  This 
occurrence  of  new  cells  in  motor  nerves  is  not  yet  explained. 

Terminal  loops  within  the  trunks  of  the  encephalic  nerves  had 
been  noticed  by  Gerber,  and  since  by  Valentin.     Their  significa 
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tion  is  unknown;  as  is  also  that  of  the  nervous  filamente  seon  by 
Remak  and  Boohdalek,  coming  out  from,  and  again  re-enlering  the 
brain. 

The  three  remaining  encephalic  nerves  are  nerves  of  apfdal  mh- 
salion ;  viz.,  the  flrst  pair  (olfactory),  the  second  pair  (optic  Dervee), 
and  the  eighth  pair  (acoustic). 

1.  Thejirst  pair  is  the  nerve  of  smell.  The  portion  of  this  nerve 
lying  on  the  cribriform  plate  of  the  ethmoid,  is  called  the  b'llb;  and 
the  rest,  extending  from  this  to  the  cerebrum,  the  tract.  Both  then 
are  made  up  of  the  common  Jark-bordered  nerve-fibres.  ^H 

The  hrnnehes,  on  the  other  hand,  which  are  given  off  frooit^^l 
bulb  into  the  upper  portions  of  tiio  nasal  passage  (Fig.  290),  M^| 
tain  no  white  medullated  6br«^  at  all;  but  are  constituted  of  pal*, 
slightly  granular,  flattened  fibres  (Fig.  291,  6),  ^^^o  to  ,o'bo  o*"  *" 
inch  wide,  with  elongated  nuclei  retained  closely  in  connection  by 
common  sheaths  of  connective  tissue,  which  are  thicker  in  the 
branches  to  the  septum.  (Fig.  292.)     In  the  bulb,  however,  nerre- 
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oells  of  jjhjfjf  to  -f^xf  of  an  inch,  many  with  branched  fibres,  are 
found  among  the  nerve-fibres.  The  latter  very  closely  resemble 
the  embryonic  nerve-elements,  and  are  probably  derived  from  the 
olfiEictory  bulb,  and  not  from  the  cerebrum  itself.  It  is  doubtful 
how  they  terminate.  The  surface  over  which  they  are  distributed, 
called  the  "  olfactory  region,"  extends  only  |  to  1  inch  below  the 
lamina  cnbrosa  of  the  ethmoid  bone  (Fig.  290) ;  and  on  this  surface 
alone  the  epithelium  of  the  mucous  membrane  is  not  ciliated.  (Fig. 
291.) 

2.  The  second  pair  of  encephalic  nerves  is  the  nerve  of  vision. 
The  optic  nerve  has  its  tract  composed  of  dark-bordered  fibres  g^j'^u 
of  an  inch  in  diameter.  In  the  chiasma^  some  of  the  fibres  pass  to 
the  retina  of  the  same  side,  and  some  to  that  of  the  other  side ; 
while  others  still,  form  a  loop  in  the  posterior  part  of  the  diiasma^ 
and  thus  connect  the  origins  of  these  nerves;  and  a  fourth  set  are 
looped  in  a  similar  manner  anteriorly  to  connect  the  two  retinae. 
(Fig.  293.)    The  fibres  are  much  disposed  to  become  varicose,  but 

Fig.  293. 


Conrae  of  flbrta  in  the  optic  ehlMOia,  m  exhibltod  \>j  tearing  off  the  snperfictal  bandloM  from  a 
•pedmoii  hardeaed  In  aplrits.  a.  Anterior  fibres  commiMaral  between  the  two  retinc  jt.  Posterior 
tbrw  eoamlaanral  between  the  thalamL    a\  p'.  Diagram  of  the  preceding.  ■ 

• 

the  nerve-cells  among  them,  mentioned  by  Hassall,  have  not  been 
found  by  Kolliker.  They  form  polygonal  bundles  jj,^  toyj^  of 
an  inch  in  diameter,  surrounded  by  a  perineurium  of  the  usual 
kind,  and  which  is  replaced  by  the  sclerotica  on  their  reaching  the 
eyeball.  The  fibres  undergo  no  change  till  after  entering  within 
the  sclerotica  and  forming  the  slight  elevation  {colliculus  nervi 
opiici),  on  the  retina  opposite  its  point  of  entrance.  But  from  that 
point  onwards,  the  fibres  become  perfectly  clear,  yellowish  or  gray- 
ish, and  transparent,  like  the  finest  fibres  in  the  central  organs,  and 
mostly  from  soJoi^  to  Tjivv  of  an  inch,  though  some  are  raUv  to 
•An  ^^  ^^  ^°^^*  They,  however,  have  no  nuclei  in  their  course, 
and  are  inclined  to  varicosities  like  the  minutest  fibres  of  the  cere- 
brum. {Kolliker.)  (Figs.  294  and  298, 3.) 
29 
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These  fibres  radiate  on  _all  sides  from  the  coUiculw  before  men- 
tioned, and  constitute  s,  contiauous  membraniform  expansion  ex- 
tending us  far  as  the  ora  serrata  of  the  retioa: 
presenting  no  considerable  interruption,  except 

(at  the  situation  of  the  macula  luCea,  where  they 
are  almost  wholly  wanting.    In  this  expansioo 
the  fibrea  are  associated  into  compressed  bno- 
"        dies,  ja'oo  to  yo'^n  of  an  inch  wide,  either  anas- 
tomosing with  each  other  at  very  acnte  angles 
or  lying  parallel  for  considerable  distances.    It 
be  uuutrjiiuc    '^  3^>  '^^  an  inch  thick  at  the  bottom  of  the  eye, 
rignmiiw.Md    and,  gradually  decreasing,  only  ^tfea  lear  the 
u  b«Totifi**ue    "''"  «en-u(«,  or  anterior  termination.    How  these 
fibres  terminate,  is  still  unknown.  (Fig,  295, 1.) 
The  expansion  of  the  optic  nerve  just  de- 
scribed by  no  means  constitutes  the  retina,  how- 
ever.  The  latter  consists  of  five  distinct  layers,  of  which  this  eipaa- 
sion  constitutes  one.     These  are  from  within  outwards.    (Fig.  29o.) 

Fig.  295. 
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1.  The  limitary  membrane. 

2.  The  expansion  of  the  optic  nerve. 

3.  The  layer  of  gray  nerve-subatance. 

4.  The  granular  layer, 

6.  The  bacillar  layer  (rods  and  cones). 
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Fig.  296. 


1.  Tbe  limitary  membrane,  ft,  is  merely  a  simple  membrane,  jjlgg 
of  an  inch  thick.  Its  inner  surface  presents  towards  the  hyaloid 
membrane  of  the  vitreous  body.  On 
its  outer  surface  Todd  and  Bowman 
found  a  layer  of  epithelial  (?)  cells  (c), 
but  which  Kolliker  has  not  seen. 

2.  The  next  layer — the  expansion 
of  the  optic  nerve  (1) — has  just  been 
described  (p.  450). 

3.  The  layer  of  gray  cerebral  sub- 
stance (2)  penetrates  between  the  fibres 
of  the  optic  nerve,  but  is  quite  well 
defined  on  its  outer  surface.  It  is  com- 
posed of  a  finely  granular  matrix, 
exactly  resembling  that  in  the  gray  - 
aabstance  on  the  surface  of  the  cere- 
brum and  cerebellum;  containing  nu- 
merous scattered  nerve-cells.  Some 
of  the  latter,  in  the  outer  half  of  this 
layer,  are  small  (bd'oe  ^^  ho'do  '^f  ^^ 
inch);  others,  in  the  inner  portion, 

aViin  ^  tlo  of^  "-^  inch.     They  have  from  two  to  six,  or  more,  pale 
branched  processes  (Fig.  296),  like  those  of  the  central  nerve-cella; 
these  processes  being  at  first  ^jfaa  of  an  inch  in  diameter,  but  di- 
minishing in   repeated  divisions  to 
scarcely  jalim  of  an  inch.    They  ap- 
pear always  to  be  given  oEf  towards 
tbe  exterior,  but  curve  so  as  to  ramify 
in  tbe  gray  layer  itself.     Its  entire 
thickness  varies  at  points  from  gn'oo 
to  , ^05  of  an  inch.    The  distribution 
of  its  capillaries  is  shown  by  Fig.  297. 

4.  The  granular  layer  (Fig.  295, 
g).  In  man,  the  granules  are  dis- 
posed throughout  most  of  the  retina 
in  two  layers — an  internal,  thinner 
(10*00  to  fi'oD  of  an  inch),  and  an  ex-  '"'"'°7^y7i'j"'"'''i"i'VrpLiuL'"''°''' 
lernal,  thicker  (gi,  to  ,1^  of  an  inch). 

Between  these  is  a  clear,  finely  granular,  and  somewhat  vertically 
striated  layer  (S),  j^'oo  t'*  t»oo  of  an  inch  thick.  Towards  the  ora 
aerrata,  however,  the  two  form  a  single  structure  of  not  more  than 
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huSs  ^^  ""  ^°^^  tbick.  The  granular  bodies  themselves  are  ronnd 
or  oval,  and  ,^,f  to  j^'j^  of  an  inch  in  diameter,  with  very  fine 
filaments  extending  from  both  sides,  of  3^^^^  to  xoigg  of  an  inch. 

5.  The  external  layer  of  the  retina  is  the  bacillar  layer,  or  Jacob- 
son's  membrane  (m).  Its  stmcture  is  vei;  remarkable,  presenting  two 
elements — the  rods  (bacilli)  and  the  cones  (coni) — blended  together 
in  a  single  layer,  jjj  of  an  inch  thick  at  the  bottom  of  the  eye,  id 
more  anteriorly,  and  quite  in  front  not  more  than  gjj  of  an  inch. 

The  rods  are  cylindrical,  slender,  elongated  corpuscles,  consisting 
of  two  portions,  the  larger  external  end,  or  proper  rod,  and  the 
internal,  or  Jilament.  The  former  is  a  cylinder  ys<g,f  to  g^„  of  an 
inch  long,  and  y,Jgv  of  an  inch  broad,  and  truncated  &t  the  outer 
end;  while  the  inner  is  produced  into  a  short  point,  ^^^  to  j^, 
of  an  inch  long  from  the  inner  extremity  of  the  rod ;  is  of  uniforni 
width,  and  extends  through  the  inner  half  of  the  bacillar  layer. 
The  substance  of  the  rods  is  clear  and  homogeneous,  with  a  faint, 
glistening,  fatty  aspect,  and  is  very  soft,  flexible,  and  fragile.  Tbej 
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are  much  altered  by  all  reagents;  and  a  very  common  change  con- 
sists in  their  end  presenting  a  hookrlike  curve  or  a  slight  enlarge- 
ment    (Figs.  298  and  295,  m'.) 

The  cones  may  be  regarded  as  rods  terminating  internally  in  a 
conical  or  pyriform  body  (instead  of  a  filament),  whose  length 
equals  one-half  the  thickness  of  the  bacillar  layer,  and  its  breadth 
^i^g  jjfjfji  ^  WiE  ^f  ^^  i^oh.  Each  of  these  cones  has  an  exter- 
nal thicker  and  larger,  finely  granular  extremity,  often  ventricose, 
gradually  diminishing  in  size,  and  passing  into  a  common  rod  with- 
out a  point;  and  a  shorter  inner  portion,  inclosing  an  elongated  or 
pyriform,  more  opaque,  and  brilliant  body, 
•iftm  ^  i^Tf  of  an  inch  long.  KoUiker,  how-  ^' 

ever,  sees  in  these  cones,  as  just  described, 
only  a  cell  with  a  nucleus.   (Fig.  298, 4.) 

The  rods  and  cones  are  arranged  vertically 
upon  the  retina,  like  palisades  in  close  appo- 
sition, one  of  their  ends  being  directed  to- 
wards the  choroid  membrane,  and  the  other  ^*^F 
towards  the  granular  layer.    The  appearance 

°  •'  1,1  Bacillar  layer  from  without 

of  the  cones  and  rods  when  the  bacillar  layer  i.  At  the  "yeiiowtpot"  (onij 
is  seen  from  without  (the  cones  alone  existing    ~°")-    ^  ^^J^^  border  of 

^  °      the.  same.    Sw  From  the  mld- 

over  the  macula  lutca),  is  shown  by  Fig.  299.    die  of  the  retina,  a.  "ConeB," 

3.  The  yhlh  pair  is  the  nerve  of  hearing,    ty""!"-*.  "^:^'Z 

The  acoustic  nerve  is  composed  of  fibres  9  ^j'^  ^j    "  cone*,"  whow  terminal  Bur- 

-  /,         .,.<,.  ^  1*1  flkce   is  often    plaoed  rather 

^  2  iSfif  of  an  mch  in  diameter,  which  are  very  „^^^  ^^pj^  ^^^  j^at  of  the 
easily  destroyed,  and  are  invested  by  a  very    proper  ••  rods,"  c— Magnified 

,    ,.  "^^  :  ,  TT  -x     i_  1-  350  diameters.  (KVlUker.) 

delicate  penneunum.  Hence  it  has  been 
called  the  portio  mollis.  Among  these  fibres  in  the  trunk,  and  in 
both  the  vestibular  and  cochlear  branches,  there  occur  numerous 
apolar,  unipolar,  and  bipolar  cells,  ^J^^  to  y^r  of  an  inch  in  diame- 
ter. KoUiker  suggests  that  the  first  two  kinds  are  truncated  bipolar 
cells.  Similar  but  smaller  cells  are  also  found  in  the  cochlea,  as 
well  as  in  the  nervous  twigs  in  the  vestibule. 

The  vestibular  nerves  finally  break  up  into  a  rich  bundle  of  smaller 
and  frequently  anastomosing  branches,  which  appear  to  terminate 
ultimately  in  fine  twigs  composed  of  from  two  to  ten  primitive 
fibres,  jjilfjfxs  ^  hVw  of  an  inch  thick.  In  the  sacculus  we  find  the 
otoliths  in  immediate  relation  with  the  nervous  expansion.  These 
are  composed  of  innumerable  hexahedral  prisms  of  carbonate  of 
lime. 
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The  cochlear  verve,  having  eDtered  the  cavily  o{ 
the  osseous  zone  from  the  canal  of  the  modiolns, 
forms  a  plexus  (Fig.  SOO)  of  dark -bordered  fibres, 
Bi/nn  of  an  inch  io  diameter,  containing  an  aggre- 
gation, at  a  definite  spot,  of,  at  6r8t,  yjo  of  an 
inch  wide,  of  bipolar,  oval,  minute  (td'pjt  Io  tI" 
of  an  inch),  and  pale  ganglion-cells ;  and  which 
probablj  intercept  all  the  fibres  of  the  cochlear 
nerves  in  their  course.  (Fig.  301.) 

The  dark- bordered  fibres  proceeding  from  the 
external  side  of  these  cells  are  again  diftposed 
in  anastomosing,  and  afterwards  in  parallel  Stl- 
tened  bundles.  The  fibres  actually  terminate  bj 
being  pale,  tidiiif  of  an  inch  in  diameter,  and 
finer;  and  then  ceasing,  there  being  no  loopa^ 
((Jorti.) 

Thus  both  the  auditory  and  the  optic  Derres 
have  a  ganglion  at  their  peripherj,  which  proba- 
bly receives  the  impression?,  while  the  nerve- 
fibres  merely  serve  to  conduct  them  to  the  brain. 
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n.  Strdcture  of  the  Nebtocs  Cbntbes. 
The  nervous  centres  are — 

1.  The  spinal  cord. 

2.  The  enoephaloa:  consisting,  Itt,  of  the  medulla  oblongata  and 
the  pons  Varolii;  2dly,  the  cerebellum;  3dly,  the  cerebral  ganglia; 
and,  ^thli/,  the  cerebral  hemispheres. 

The  centres  consist  of  the  white  and  the  gray  nerve-substance 
combined;  the  former  being  made  up  of  nerve-fibres  alone  (and 
vessels),  the  latter  of  nerve-cells  and  nerve-fibres  combined,  toge- 
ther with  (in  the  cerebellum  and  cerebral  hemisphere)  a  granular 
substance  and  free  nuclei.  The  gray  substance  is  also  abundantly 
supplied  with  vessels.  The  whole  cerebro-spinal  axis  (i.  e.  the  cen- 
tres juat  mentioned)  is  also  enveloped  by  three  distinct  membranes ; 
which  will  be  considered  after  the  structure  of  the  former  has  been 
described  (p.  468). 

Kg.  302. 
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I.  Structure  op  the  Spinal  Cord. 

While  the  white  substance  of  the  cord  is  composed  almost  exclu- 
sively of  nerve-fibres,  the  gray  portion  is  formed,  in  almost  equal 
proportions,  of  nerve-fibres  and  cells.  A  section  of  the  cord  shows 
the  gray  matter  forming  a  column  in  the  central  part  of  each  half  of 
the  cord  (Fig.  302),  whose  transverse  section  is  of  a  crescentic  form, 
its  two  extremities  being  termed  the  anterior  and  the  posterior  homa. 
The  white  substance  surrounds  and  incloses  the  gray  on  every  side, 
except  towards  the  median  line,  where  the  gray  matter  projects 
through  the  white,  and  thus  comes  into  contact  from  the  opposite 
sides,  constituting  the  gray  commissure.  This  does  not  normally,  in 
man,  contain  any  canal  in  its  centre,  but  is  constituted  principallj 
of  nerve-cells  of  a  yellowish  color,  and  is  called  the  substantia  grista 
centralis.  The  white  matter  in  the  two  halves  of  the  cord  merely 
comes  nearly  into  contact  behind  the  gray  commissure;  but  in  front 
of  the  latter  it  is  continuous  from  one  side  to  the  other,  constituting 
the  anterior  or  white  commissure.  The  portion  of  each  half  of  the 
cord  between  the  anterior  median  fissure  and  the  anterior  roots  of 
the  spinal  nerves,  is  termed  the  anterior  column;  that  between  the 
posterior  median  fissure  and  the  posterior  roots,  the  posterior  eo- 
lumn;  and  the  remaining  portion  between  the  anterior  and  posterior 
roots,  the  lateral  column.  At  the  extremity  of  the  posterior  horns 
of  the  gray  matter  is  a  more  transparent  layer,  containing  a  prepon- 
derance of  smaller  nerve-cells — the  substantia  gelatinosa  of  Roland. 
The  gray  columns  vary  considerably  in  their  size  and  form  in  dif- 
ferent parts  of  the  cord,  as  shown  by  transverse  sections;  it  being 
most  abundant  in  the  lumbar,  and  next  in  the  cervical  region. 

1.  On  examining  the  intimate  structure  of  the  cord,  we  find  in 
the  white  matter  two  sets  of  fibres,  the  longitudinal  and  the  hori- 
zontal, or  transverse. 

The  longitudinal  fibres  are  found  in  all  situations  except  the  ante- 
rior commissure,  are  unmixed  with  horizontal  fibres  in  every  part, 
as  a  rule,  and  everywhere  run  parallel  to  each  other,  without  either 
interlacement  or  being  collected  into  smaller  fasciculi.  They  in- 
crease from  below  upwards,  since  they  successively  pass  inwards 
towards  the  gray  matter  in  their  descent.  They  average  ^^^^  to 
io'oo  of  an  inch,  and  the  size  of  each  fibre  remains  very  nearly  the 
same  in  the  white  substance;  no  divisions  or  other  alterations  in 
diameter  being  found.     These  fibres  are  probably  continuous  with 
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the  horizontal  fibres  next  to  be  mentioned,  being  intermediate  be- 
tween the  latter  and  the  fibres  of  the  cerebrum. 

The  transverse  or  horizontal  fibres  occur,  Isi,  in  the  lateral  and 
posterior  columns  adjoining  the  horns  of  the  gray  substance;  2cKy, 
in  the  white  commissure;  and,  Sdly,  at  the  point  of  entrance  of  the 
roots  of  the  nerves.  The  first  will  be  described  with  the  gray  sub- 
stance.— The  fibres  in  the  white  commissure  come  from  the  anterior 
columns,  and,  bending  obliquely  inwards,  cross  in  front  of  the  gray 
commissure  to  the  opposite  side.  The  white  commissure  is  thus  a 
decussation  of  the  anterior  column,  and  not  a  commissure,  as  gene- 
rally understood.  The  decussing  fibres  measure  xxFivTy  ^^  ^^,j,j  of 
an  inch,  and  decrease  as  they  diverge  in  the  anterior  horns  of  the 
gray  matter. — The  fibres  in  the  roots  of  the  spinal  nerves  are  con- 
tained in  larger  fasciculi,  either  horizontal,  or  slightly  ascending 
between  the  longitudinal  fibres  to  enter  the  anterior  and  posterior 
horns  of  the  gray  matter,  where  we  shall  again  meet  them.  The 
fibres  do  not  all  communicate  with  the  longitudinal;  and  in  their 
posterior  roots  about  two-thirds  of  them  measure  ^uVtf  ^  j-^ts  of 
an  inch,  and  one-third  of  them  yV^^y  to  ^VaiF  of  an  inch.  In  the 
anterior  roots  about  three-fourths  of  the  fibres  measure  from  j^/^yu 
to  ju'jy  of  an  inch,  and  one-fourth  of  them  37,^7^  to  ixhjs  of  ^^ 
inch.  They,  however,  constantly  decrease  in  size  as  they  proceed 
through  the  white  matter,  and  when  they  enter  the  gray  matter  the 
motor  fibres  are  only  ^^Vv  ^  Wo  is  of  an  inch,  while  the  sensory 
are  but  juivu  to  ^^'gy  of  an  inch. 

2.  The  nerve-fibres  of  the  grai/  substance  of  the  cord  are  very 
numerous,  constituting,  in  any  case,  one-half  of  its  bulk,  or  more. 
They  present  the  same  characters  as  the  fibres  of  the  white  sub- 
stance, except  that  they  are  not,  on  the  average,  more  than  one-half 
as  thick  (f  9^017  of  an  inch). 

As  they  pass  among  the  nerve-cells  of  the  gray  matter,  some  of 
the  motor  fibres  have  no  connection  with  the  processes  of  the  cells ; 
but  continue  to  run  in  the  anterior  horns  to  the  lateral  parts  of  the 
anterior  commissure,  and  become  continuous  with  the  fibres  of  the 
latter.  Thus  some  of  the  motor  fibres  are  connected  with  the  lon- 
gitudinal fibres  of  the  anterior  columns,  with  a  total  decussation. 
Many  of  the  motor  fibres,  however,  take  no  part  in  this  decussation, 
especially  those  which  enter  the  anterior  horns  most  externally. 
These  penetrate  transversely  to  various  depths  (one-half  or  more), 
then  curve  upwards,  and  finally  appear  as  longitudinal  fibres.  Thus 
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another  portion  of  the  motor  fibres  ib  continuoua  with  the  loi 
ludinal  fibres  of  the  same  side,  without  any  decussation. 

It  should  be  added  that  though  the  motor  fibres  dimioish  in  ll 
after  entering  the  cord,  till  they  enter  the  gray  matter,  where  lie) 
are  about  ea-sa  of  ^t^  inch  in  diameter,  they  again  enlarge  as  tbej 
emerge  from  the  latter,  but  never  so  as  to  attain  their  original  dia- 
meter. 

The  sensitive  roots  also  penetrate  the  white  matter  of  the  corf 
to  the  posterior  horns  of  the  gray  matter,  and  proceed,  without 
any  direct  connection  with  the  nerve-cells,  quite  through  the  stib- 
sianlia  gehtinosa  into  the  »w6- 
sinniia  grisea.  From  this  point 
some  of  the  fibrea  bend  up- 
wards nearly  at  a  right  angle, 
and  proceed  to  become  longi- 
tudinal fibres  in  the  posterior 
columns.  Another  portion  of 
them  penetrates,  in  a  fascicular 
jbrm,  between  the  above-men- 
tioned longitudinal  bundles,  fur- 
ther forwardsilosingthemselvea 
in  the  posterior  and  the  lateral 
columns,  and  also  extending 
into  the  gray  commissure  pro- 
bably on  the  opposite  side,  (Fig. 
30a.) 

The  sensory  fibres  also  de- 
crease in  size  as  they  traverae 
the  cord,  till  they  reach  the 
gray  commissures;  being  yj'os 
of  an  inch  in  the  roots  ihem- 
aelves,  never  more  than  j  o',o  of 
an  inch  in  the  svhstaiUia  geltdi- 
nosa,  ygnoQ  to  ]d's«  of  an  iDch 
in  the  siibslartlia  t/risen,  and 
only  TisDB  ^  tehot  of  an  inch 
in  the  gray  commissure.  They,  however,  also  increase  on  leAving 
the  latter,  to  from  tcooo  to  jn'oo  of  an  inch,  and  afterwards  becoma 
longitudinal  fibres. 

"^eaiJes  the  motor  and  sensory  fibres,  there  are  still  others  in  i 
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gray  substaoce,  not  referable  to  the  roots,  and  wbioli  for  the  present 
may  be  termed  special  fhres  of  the  tpinal  cord. 

The  gray  aubstance  of  the  ford,  in  addition  to  the  fibres  just  de- 
soribed,  contains  cells  presenting  various  forms,  but  all  being  inva- 
riably furnished  with  processes,  which, 
after  repeatedly  branching,  ultimately  Pig.  304. 

terminate  in  extremely  fine  pale  fibrils, 
like  the  finest  axis-fibres.  Kdlliker 
distinguishes  three  classes  of  nerre- 
cells.  1.  The  cells'  of  the  central  gray 
substance  (Fig.  304)  measure  ,o>os  ^ 
TiVn  of  an  inch;  are  always  pale  and 
granular,  with  multiple  nuclei  and 
branching  pale  processes.  These  con- 
stitute the  principal  bulk  of  the  cen- 
tral gray  substance.  2.  The  cells  of 
the  su(>stanlia  gelatinosa  resemble  tbe 
preceding,  except  that  they  are  of  a 
faint  yellowish  color,  and  have  one 
to  three  processes,  and  simple  nuclei. 
3.  Well-marked  cells  are  seated  espe- 
cially at  the  apex  of  the  anterior  horn 
(Figs.  279,  280),  though  also  occurring  c«ii.  rn-  ih.gr.7».tr.imui.»»«r 
in  other  portions  of  the  anterior,  and  "■•  "'^  "  "•n— "■f'"*' »» *•■»- 
in  less  number  in  the  posterior,  bom ; 

vhile  they  are  never  met  with  in  the  avbstantia  gelatinosa  and  the 
gray  commissure.  All  these  cells  are  ,Js  to  ,i„  of  an  inch  in 
diameter,  with  nuclei  of  5,'oD  to  ,,'1,0  of  an  inch;  frequently  con- 
tain brown  pigmentary  matter,  and  have  from  two  to  nine  or  even 
more  branched  processes,  jbjiv  ^  ^iia  ^^  ^^  ^^'^^  '"  diameter  at 
their  origin.  These  processes  may  be  traced  to  a  length  of  -j^n  to 
,'0  of  an  inch,  and  terminate  in  fine  fibrils,  scarcely  more  than 
moan  of  an  inch  thick,  all  of  which  are  contained  within  the  gray 
substance. 

Do  the  nerve-fibres  of  the  roots  of  the  spinal  nerves  terminate 
in  the  white  and  gray  matter  of  the  cord?  or  do  they  all  ascend  to 
the  brain?  Volkmann  maintains  that  they  terminate  in  the  cord, 
and  has  carried  most  physiologists  with  him.  We,  however,  regard 
Kollikcr's  reasons  for  the  belief  that  they  proceed  to  the  brain,  as 
far  more  satisfactory.  That  the  nerve-fibres  become  attenuated  on 
entering  the  corfl,  has  already  been  shown.    And  the  further  fact 
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that  tho  white  substance  of  the  cord  constantiy  increases  from  1 
low  upwards,  and  that  the  eolargementa  of  the  cord  depend  mainly 
upon  the  gray  substance,  has  an  important  bearing  on  tbis  qnestioo. 
Moreover,  no  connection  has  been  discovered  between  the  nerve- 
fibres  in  the  cord,  and  the  processes  of  the  cells  of  its  gray  matter. 
Still,  it  by  no  means  follows  that  these  cells  may  not  act  on  the 
fibres  sent  among  them;  and  experimental  physiology  at  present 
demands  the  admission  that  they  do  impart  motor  impulses  to  them, 
at  least  in  the  production  of  reflex  or  diastaltic  motions. 

IL  Structure  of  the  Enoephalon.  ^H 

1,  The  Medulla  Oblongata  and  Pons  Varolii.  ^H 

The  medulla  oblongata  and  pons  Varolii  constitute  s  very  import- 
ant part  of  the  encephalon,  since  ten  of  the  twelve  pairs  of  encepha- 
fig.  30G. 
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lie  Derves  (oil  but  the  first  and  second  pairs)  rise  from  these  and 
tbe  crura  cerdxlli.  It  is  not  consistent,  however,  with  the  object  of 
this  work  to  describe  their  complicated  structure  at  length.  A 
aection  of  the  former  is  shown  by  Fig.  805. 

1.  The  white  substance  of  the  medulla  oblongata  is  in  part  continu- 
OQs  with  that  of  the  cord,  and  partly  distinct  from  it ;  and  everywhere 
consists  of  nerve-fibres  of  the  same  dimensions  as  those  of  the  cord. 
The  anierioT  columra  of  the  cord  (Fig.  306)  are  partly  continued 
into  the  outer  part  of  the  corpora  pyramidalia ;  and  partly  ascend 
both  internally  and  exteroally  to  the  olivary  body,  and  proceed 
through  the  pons  Varolii  into  the  posterior  corpora  quadrigemina 
on  the  one  hand  and  the  tegmentum  of  the  crura  cerebri  on  the 
other.  The  lateral  columns  divide,  on  reaching  the  medulla,  into 
three  branches;  (1,)  ascending  mostly  into  the  crura  cerebelli,  and, 
in  small  part,  into  the  tegmentum;  (2,)  decussating  in  two  or  three 


Fig.  306. 


Fig.  307. 


(an,  smd  ttnmt  b;r  M 


l>  nhlmitiUk.  p,  p.  P«(«iii)T  yjTtmiii,  vpkniird  bj  tha 
eomposed  of  (e.  e)  poiterlor  coIqiddii,  ind  (d,  d,)  UL#rtl. 
r  or  tha  fDDnh  mtilils,  vpantsd  bjr  (()  Iba  DadUn  ■•■ 
I  of  (4.  II)  thB  HTaikth  pftJr  of  narrea. 


&scicali  with  that  of  the  other  aide  (decusaatio  pyramidum),  and 
forming  the  principal  bulk  of  the  anterior  pyramids ;  and  (3,)  ap- 
pearing between  the  posterior  columns  at  tbe  bottom  of  the  fourth 
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ventricle  as  the  posterior  pyramids,  and  being  thence  continued  on 
the  floor  of  the  ventricle,  side  by  side,  into  the  tegmentum  of  the 
crura  cerebri.  The  posterior  columns  (Fig.  807)  in  part  constitute 
the  corpora  restiformia,  and  finally  enter  the  crura  cerebelli;  while 
the  remainder,  situated  externally  to  the  posterior  pyramids,  also 
enters  the  tegmentum  of  the  crura  cerebri.  There  is  also  a  system  of 
horizontal  nerve-fibres  which  are  independent  of  the  cord,  and  which 
are  probably  commissural. 

2.  The  gray  matter  of  the  medulla  oblongata  is  collected  into  larger 
masses  principally  in  three  situations ;  viz.,  in  the  olivary  and  the 
restiform  bodies,  and  in  the  floor  of  the  fourth  ventricle.  1.  The 
gray  matter  of  the  olivary  body  constitutes  a  capsule,  closed  on  all 
sides  except  the  inner;  and  is  entirely  isolated  from  all  other  gray 
substance.  It  is  traversed  by  very  numerous  nerve-fibres  of  the 
horizontal  system.  2.  The  gray  matter  of  the  restiform,  bodies  may  be 
regarded  as  a  continuation  of  the  posterior  horns  of  the  spinal  cord, 
and  even  presents  some  resemblance  to  their  substantia  gelaiiuosa. 
{Stilling)  3.  The  gray  substance  of  the  floor  of  the  fourth  ventricle 
is  a  continuation  of  the  central  gray  matter  of  the  cord,  and  forms 
a  tolerably  thicli^:  layer  from  the  calamus  scriptorius  to  the  aqut- 
ductus  Sylvii.  T[?he  portion  in  the  anterior  half  of  this  ventricle 
belongs  properly  to  the  pons  Varolii. — Besides  these  three  masses  of 
gray  matter,  there  are  other  very  small  ones  in  the  medulla  oblon- 
gata, not  requiring  a  description  here.  In  no  case  are  the  nerve- 
fibres  (the  horizontal,  or  those  from  the  cord)  known  to  be  conti- 
nuous with  the  processes  of  the  nerve-cells. 

Do  the  ten  pairs  of  encephalic  nerves,  mentioned  on  page  461, 
rise  from  the  gray  matter  of  the  medulla  oblongata  to  which  tbey 
have  been  mostly  traced  by  Stilling  and  others?  We  deem  it  most 
probable  that  they  rise  in  the  corpora  striata  and  optic  thalami,  for 
reasons  assigned  by  Kolliker.*  That  the  gray  matter,  however, 
influences  the  nerve-fibres  which  traverse  it,  is  at  the  same  time 
most  probable. 

2.  Tfie  Cerebellum. 

The  gray  matter  of  the  cerebellum  occurs  only  on  the  surface  of 
the  convolutions,  in  the  nucleus  dentatus,  and  the  roof  of  the  fourth 
ventricle;  all  the  rest  being  white  substance.  The  latter  consists 
of  parallel  nerve-fibres,  presenting  all  the  characters  of  centnil 

>  Pp.  377-8. 
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fibres  (softness,  proneness  to  become  varicose,  easy  isolation  of  the 
axis-fibre,  &c.);  and  do  not  require  a  special  description.  They 
average  ^jfjfjf  of  an  inch;  the  extreme  being  xvlw  ^^^  ^jhrs  ^^  ^^ 
inch. 

The  gray  substance  of  the  convoJvXions  of  the  cerebellum  alone 
requires  a  special  description.  It  everywhere  consists  of  a  layer 
externally  gray,  and  internally  of  a  rusty  color  (ferruginous  layer). 
The  latter  contains  nerve-fibres  and  large  masses  of  free  nuclei. 
The  fibres  are  continuations  of  those  of  the  white  substance;  and 
extending  through  the  ferruginous  layer  to  the  gray  layer,  they 
break  up  into  numerous  fine  fasciculi,  so  interlaced  that  the  whole 
ferruginous  layer  is  penetrated  by  a  close  but  delicate  network  of 
fine  fibres  somewhat  resembling  the  terminal  plexus  of  the  acoustic 
nerve.  The  free  nuclei  lie  in  the  meshes  formed  by  the  nerve- 
fibres;  being  from  g^^ju  to  ,^Vo  ^^  ^^  ^^^^  ^^  diameter,  and  fre- 
quently exhibiting  a  dis- 
tinct nucleolus  and  some-  Fig-  308. 
times  other  granules. — 
The  nerve-fibres,  however, 
do  not  terminate  in  the 
ferruginous  layer.  Be- 
coming attenuated  mostly 
to  a  diameter  of  tv^oo  ^^ 
an  inch,  they  enter  the  ex- 
ternal gray  layer  to  termi- 
nate in  its  inner  stratum, 
which  contains  nerve-fi- 
bres and  well-marked 
large  nerve-cells;  while 
the  outer  portion  contains 
no  nerve-cells,  but  merely 
a  finely  granular,  pale, 
light-yellowish  substance, 
agreeing   in   all   respects 

with  the  already  described        0»aglion^lU,  with  their  proc«iM»,  nnclel,  and  nucleoli. 

g,    .  Of  <^  From  the  deeper  part  of  the  gray  matter  of  the  cun- 

COntentS  of  the  nerve-cells.     Tolntions  of  the  cercbellam.    The  larger  proceMen  are  dl- 

The    cells    ffenerallv    in     f******  to^*'*"  **>•  ■n'^^*«-    ft.  Another  form  from  the  cere- 

^  •'  bell  am.    e,  d.  Others  from  the  posterior  horn  of  gray  matter 

the  gray  matter    resemble     of  the  dorsal  region  of  the  cord.    These  contain  pigment 

those  of  the  cord,  already    »'"«'' ■•"•"<>•"'•■"'«'"•  «»(«)_•  '», *"' "'•?''^'»;." 

'  J      the  processes  ars  more  or  less  broken.  (Magnified  200  dia- 

described.      Entirely  dif-    meters.) 
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ferent,  however,  from  these  smaller  elements  are  the  large  cells  dis- 
covered by  Purkinje,  and  which  are  found  only  in  the  innermost 
portions  of  the  gray,  next  to  the  ferruginous  layer.  (Fig.  308,  a.) 
These  measure  ^J^  to  ^^^  of  an  inch,  are  round,  pyriform,  or  oval, 
with  finely  granular  colorless  contents,  and  1  to  4  (generally  2  or 
3)  long  and  much  branched  processes ;  the  largest  of  these  being 
given  off  from  the  sides  of  the  cells  which  look  from  the  ferrugin- 
ous layer,  and  extending  nearly  to  the  outer  surface  (J  or  J  of  its 
thickness),  and  producing  a  striation  seen  in  horizontal  sectione. 
At  their  origin  these  processes  are  sometimes  ^^^^^  of  an  inch  thick, 
and  very  finely  granular  or  delicately  striated.  As  they  proceed 
they  become  more  homogeneous,  and  divide  into  numerous  ex- 
tremely slender  branches,  the  ultimate  ones  being  scarcely  ^j^Uji 
of  an  inch  thick.  Kcilliker  has  traced  these  processes  even  j'j  of 
an  inch  without  coming  to  the  finest  subdivisions.  While  their 
principal  prolongations  are  thus  continued  through  the  gray  layer, 
they  give  off  their  branches  at  acute  or  right  angles,  producing  a 
second  striation,  crossing  the  one  before-mentioned  at  a  greater  or 
less  angle. 

The  crura  cerebelli  contain  nerve- fibres  only;  being  a  continua- 
tion of  the  white  matter  of  the  cerebellum  itself. 

3.  The  Ganglia  of  the  Cerebrum, 

Of  these  there  are  three  pairs;  the  corpora  quadrigemina,  the 
optic  thalami,  and  the  corpora  striata.  (Fig.  309.)  All  these  are 
bulky  collections  of  gray  substance  and  nerve-fibres.  The  latter 
connect  these  ganglia  on  the  one  hand  with  the  cerebellum  and 
medulla  oblongata,  and  on  the  other  with  the  hemispheres  of  the 
cerebrum.     They  present  no  histological  peculiarities. 

Nor  is  it  necessary  particularly  to  describe  the  gray  matter  in 
these  three  ganglia.  Ktilliker  considers  it  as  made  out  that  the  fine 
nerve-fibres  traceable  to  the  outermost  part  of  the  ventricular  ww- 
chus  (the  posterior  and  inferior  portions)  of  the  corpus  striatum, 
terminal  there,  and  do  not  proceed  to  the  cerebral  hemiapfieres,  Ue  also 
regards. it  as  probable  that  the  fibres  becoming  attenuated  in  the 
optic  thalamus  and  the  tubercula  quadrigemina,  terminate  in  like 
manner.  At  the  same  time,  it  appears  to  be  the  fact  that  nerve- 
fibres  rising  in  the  cerebral  hemispheres  also  become  attenuated 
and  terminate  in  these  same  ganglia. 

Other  parts  connected  with  these  ganglia,  and  containing  gray 
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nutter,  are — tbe  tubiiantia  nigra  of  the  cms  cerebri,  the  eommuaura 
molkt,  thejloor  of  the  third  venlricle  immediatelj  behiad  and  beaeath 
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the  anterior  commiBaure,  and  tbe  tuber  cinerevm.  Tbe  pineal  body 
eontaiiiB  pale  rounded  apolar  cells  and  scattered  nerve-fibres,  and 
generally  also  a  coDsiderable  quantity  of  sabulous  matter  (princi- 
pally carbonate  of  lime,  with  phosphate  of  lime  and  magnesia). 
The  pituitary  body  contains  in  its  anterior  reddish  lobe  no  nervous 
elements  at  all,  but  the  "elementary  tissues  of  blood-vascular 
glands,"  {Beker.)  The  posterior  smaller  lobe  consists  of  a  fine 
granular  substance  with  nuclei  and  bloodvessels;  and  also  fine 
▼aricoee  nerve-fibres,  which,  like  the  vessels,  desoend  from  the  in- 
fiindibulam.        , 

4.  The  Cerdjral  Semiapheret. 
The  uihiU  tuh^amx  of  the  hemispheres  of  the  brain  consists  en- 
tirely of  nerve-fibres,  Tnisn  *"  id'ob  o*"  »"  '"ch  (average  ,n'oB  of 
an  inch)  in  diameter.    These  never  form  plexiform  interlacements 
80 
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or  fiisoiooli,  but  all  run  in  parallel  and  generally  straight  linee,  and 
certainly  proceed  from  the  ganglia  of  the  oerebram  and  the  corpus 
callosuni  to  the  gray  substance  of  the  central  convolutions.  There 
are  also  other  fibres  crossing  the  former  at  right  angles  (commis- 
sural  fibres),  of  whose  origin  nothing  satisfactory  is  yet  known. 

The  gray  matter  of  the  cerebrum  is  principally  situated  externally, 
covering  the  convolutions,  and  being  ^  to  ^  of  an  inch  thick.  It 
contains  in  its  whole  thickness  both  nerve-cells  and  nerve-fibres; 
besides  a  large  amount  of  granular  homogeneous  substance  pre- 
cisely like  that  of  the  cerebellum.  It  is,  however,  conveniently 
divided  into  three  layers ;  1,  an  internal  yelhwish-red;  2,  a  middle, 
pure  gray;  and  8,  an  external,  whiU,    The  first  mentioned,  however, 

Fig.  810. 


Vflrre-oella  from  the  intenud  portiona  of  the  gray  layer  of  the  eoorolntiont  of  the  hnmaa  eer^ 
brum.  a.  Larger,  b.  Smaller,  e.  If enre-flbre  with  a3ds-e7UMl«r.— Magniled  390  diaaetars.  (£9- 
lUter.)  • 

constituting  almost  one-half  the  entire  thickness  of  the  gray  mat- 
ter, may  itself  be  divided  into  four  layers ;  1,  a  y^owish-red  layer 
(inner  part);  2,  the  inner  white  streak;  8,  yellowi^-red  layer  (outer 
part) ;  4,  outer  white  streak.  Then  come  the  two  remaining  layers 
above ;  o,  the  pure  gray,  and  6,  the  white.  The  nerve-cells  through- 
out the  gray  matter  have  from  1  to  6  processes  giving  oflF  numerous* 
branches,  ultimately  becoming  very  fine  pale  fibrils  of  ^^in,;  of  an 
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inch.  In  the  external  white  layer  the  oella  are  few  aod  amall,  with 
one  or  two  processes,  and  scattered  in  an  abundant  finely  granular 
matrix.  The  pnre  gray  layer  most  abounds  in  cells,  and  which 
are  also  closely  aggregated  in  a  granular  matrix.  Some  of  them 
are  very  small  {^^ji^  to  j^^^i^  of  an  inch),  appearing  frequently  as 
scarcely  more  than  nuclei ;  while  there  are  others  larger,  even  to 
^^■^  of  an  inch.  (Fig.  810.)  Most  of  them  have  from  1  to  6  pro- 
oeases  (usually  8,  4,  or  6).  Finally,  in  the  innermost  yellowish-red 
layer,  the  cells  are  less,  though  still  very  abundant,  and  present  the 
same  characters  as  those  of  the  gray  substance. 

The  nerve-firea  of  the  gray  substance  of  the  convolutions,  come 
from  the  white  substance  of  the  hemispheres,  and  penetrate  the 
yellowish-red  layer  in  all  directions,  but  more  especially  parallel  to 

Fig.  311. 


flBMt  n&rw4ahm  of  th«  faperfldal  white  •abttaaw  of  tb*  h 

metora.    {KoUOer.) 


eerfbrom.— lUfnliod  350  dl*- 


the  surface;  and  consequently  they  cross  the  main  fasciculi.  It  is 
these  horizontal  fibres  which  produce  the  white  streaks  before  men- 
tioned; and  it  is  in  the  external  white  streak  that  the  fasciculi  enter- 
ing the  gray  substance  are  lost  The  fibres,  however,  which  do 
not  take  a  horizontal  direction,  proceed  onwards  even  through  the 
pare  gray  layer,  and  into  the  external  white  layer.  Here  they 
take  a  horizontal  direction,  and  form  several  superimposed  layers 
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of  the  finest  fibres  crossing  each  other  in  various  directions.  (Fig. 
Bll.)  Many  of  these  fibres  also  form  loops,  and  return  into  the 
gray-red  substance,  again,  as  first  shown  by  Valentin  (p.  448). 

Kolliker  has  not  been  able  to  discover  any  connection  between 
these  fibres  and  the  cells  of  the  gray  matter  of' the  convolutions; 
though  the  existence  of  such  a  connection  is  nowhere  else  so  pro- 
bable as  here.  Doubtless  the  nerve-fibres  originate  here,  if  any- 
where in  the  central  organs.  Professor  Domrich  has,  however, 
traced  the  many -rayed  cells  of  the  cerebellum  into  nerve-fibres,  as 
he  asserts ;  and  Kolliker  has  found  divisions  of  the  nerve-fibres  in 
the  cord,  but  never  in  the  encephalon.  It  is  probable  that  the 
fibres  of  the  corpus  callosum  and  the  commissural  fibres  in  general, 
commence  in  cells  in  one  hemisphere  and  terminate  in  the  other. 

Gray  matter  is  also  found  in  the  cerebrum  at  other  points ;  viz., 
in  the  anterior  portions  of  the  body  of  the  corpus  callosum,  above 
the  septum  lucidum,  the  fornix,  and  the  corpus  striatum;  occasion- 
ally on  the  surface  of  the  corpus  callosum  between  the  raphe  and 
the  striae,  and  which  is  continued  into  the  fascia  dentata  of  the  pes 
hippocampi,  and  in  the  hippocampus  itself. 

The  Membranes  and  Vessels  of  the  Nervous  Centres. 

The  whole  cerebrospinal  axis,  just  described,  is  inclosed  in  three 
membranes;  1,  the  internal,  or  pta  mater;  2,  the  middle,  or  arach- 
jwicl;  and  3,  the  external,  the  dura  mater. 

1.  The  pia  mater  is  the  vascular  membrane  of  the  nervous  cen- 
tres. It  is  composed  of  collagenous  tissue  (p.  279,  6),  and  conducts 
the  vessels  into  the  nervous  substance.  Hence  it  is  in  intimate 
contact  everywhere  with  the  cord,  and  covers  all  the  elevations  and 
depressions  on  the  surface  of  the  encephalon ;  excepting  alone  the 
floor  of  the  fourth  ventricle,  above  which  it  stretches  across.  On 
the  cerebrum  it  is  more  vascular  and  more  delicate  than  upon  the 
cord.  It  penetrates  into  the  brain  only  at  one  point,  viz.,  the  trans- 
verse fissure  of  the  cerebrum — where,  under  the  name  of  the  velum 
interpositum  it  invests  the  vena  magna  Galeni  and  the  pineal  body; 
then  forms  the  tela  choroidea  superior,  the  choroid  plexus  of  the  third 
ventricle,  and  the  vascular  plexuses  of  the  lateral  ventricles,  which  are 
continuous  with  the  pia  mater  at  the  base  of  the  brain.  It  con- 
tains fusiform,  bright-yellow,  or  brown  pigment-cells,  both  in  its 
spinal  and  its  encephalic  portions.  They  are  so  abundant  in  the 
cervical  region  as  not  unfrequently  to  give  the  membrane  a  brown 
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or  even  blackish  color.    They  are  also  found  in  the  medulla  ob- 
longata and  the  pons  Varolii,  and  still  more  anteriorly. 

The  vascular  plexuses,  just  named,  in  the  ventricles  are  composed 
mostly  of  vessels,  and  are  covered  by  an  epithelium  where  they 
are  not  adherent  to  the  walls  of  the  ventricles.  This  consists  of  a 
single  layer  of  roundish  polygonal  cells,  f^^ou  to  yaViF  of  an  inch 
in  diameter,  and  ,,^^  to  5,/^^  of  an  inch  thick;  containing,  besides 
the  rounded  nucleus,  many  yellowish  granules,  and  one  or  two  dark 
round  oil-drops  measuring  yaSuu  ^  buJu  ^^  ^^  inch.  It  is  not 
probable  that  they  are  ciliated,  as  asserted  by  Valentin.  Under- 
neath the  epithelium  is  a  simple  membrane ;  and  next,  the  vessels 
connected  by  a  hyaline  homogeneous 
substance  (p.  108).  ^«-  ^^^ 

All  the  portions  of  the  ventricles 
not  covered  by  the  continuations  of 
the  pia  mater,  have  a  special  lining 
membrane,  the  ependyma  ventriculo- 
mm.  This  is  a  simple  conoidal  epi- 
thelium (Fig.  312);  and  it  is  separated 
from  the  brain-substance  by  a  fila- 
mentous layer  T2*<JU  ^  sJu  of  an  inch  Th©  ependynm  in  man.  A-  From  the 
.i_>    1  /I  i  •  1  X*  corpna  ftrlAtnm ;  1,  from  the  ■arface ;  2. 

thick,  of    embryonic  areolar  tissue,    f^^  j^e  .ide ;  a,  epitheiiai  ceii. ;  b. 
Virchow  and  KoUiker  did  not  find  it    nenre-nbM.  ijing  beneath,  b.  spithe- 

.......  .  .      linm-celU  from  the  eommiaenra  mollU. — 

to  exhibit  ciliary  motion,  as  asserted    Mtgniiied  330  dumetert.  (Kcuocer.) 
by  Purkinje  and  Valentin. 

2.  The  arachnoid  membrane  does  not  consist  of  two  lamellae,  as 
usually  described ;  but  of  a  single  one,  the  internal  one  of  authors. 
This  is  an  extremely  delicate  transparent  membrane,  corresponding 
in  extent  to  the  dura  mater.  It  is  made  up  of  lamellsB  of  fasciculi 
of  white  fibrous  tissue,  surrounded*  by  fine  elastic  fibres.  In  the 
spinal  canal  it  is  loosely  adherent  to  the  pia  mater,  by  fasciculi  of 
areolar  tissue,  so  that  a  space,  called  the  subarachnoid  space,  exists 
between  it  and  the  latter  membrane,  and  which  is  filled  with  the 
cerebro-spinal  fluid.  In  the  cranium  it  is  much  more  adherent  to 
the  pia  mater.  Thus,  there  is  no  continuous  subarachnoid  space 
upon  the  brain,  but  numerous  larger  and  smaller  spaces  only  par- 
tially communicating.  The  larger  of  these  spaces  (between  the 
cerebellum  and  medulla  oblongata,  under  the  pons  Varolii,  the 
crura  cerebri,  and  the  fossa  Sylvii),  open  directly  into  the  subarach- 
noid space  of  the  spinal  cord;  while  the  remaining  ones  do  not. 
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The  ar&chnoid  baa  no  connection  with  the  lining  membntne  of  the 

ventriclea.  Finally,  the  free  surface  of  the  arachnoid  is  covered  by 
a  simple  scaly  epithelium.  The  external  lamina,  ao  called,  of  the 
arachnoid,  is  merely  a  precisely  similar  epithelium  upon  the  dura 
mater. 

3.  The  dura  mater  of  the  cord  (iheca  vertebralia),  is  a  whitish- 
yellow,  sometimes  glistening,  firm,  and  somewhat  elastic  membrane, 
formed  of  parallel  fasciculi  of  white  fibrous  tissue,  and  of  a  fine 
elastic  fibrous  network  in  almost  equal  proportions.  It  is  twice  s£ 
.thick  posteriorly  as  anteriorly;  and  in  the  latter  position  is  pretty 
firmly  united  to  the  anterior  common  vertebral  ligament,  while  it 
is  free  on  the  sides  and  behind.  Internally,  the  dura  mater  ia  co- 
vered by  a  simple  scaly  epithelium  alone,  there  being  no  external 
lamella  of  the  arachnoid.  The  Ugamentnm  denticulatum  has  no 
epithelium,  and  presents  a  structure  precisely  like  that  of  tfae  dura 
mater. 

In  the  cramwm,  the  dura  mater  is  thicker  and  whiter  than  in  the 
spinal  canal,  and  consists  of  two  layers:  1,  the  external  or  perios- 
teal, and  2,  the  internal.  The  former,  more  laxly  united  to  the 
latter  at  an  early  period,  ia  whitish -yellow  and  rough,  and  attached 
more  or  less  firmly  to  the  bones,  and  supports  the  larger  meningeal 
vessels.  The  internal  layer,  or  proper  dura  mater,  ia  less  vascular, 
whiter,  has  geaerally  a  glisteniug  tendinous  aspect,  and  its  snrface 
is  quite  smooth.  Between  the  two  layers,  with  few  exceptions,  the 
sinvses  are  situated.  The  processes  of  the  dura  mater  (the  falx 
cerebri  and  cerebelli,  and  the  tentorium)  are  prolongations  of  the 
iDtemal  layer.  The  simple  scaly  epithelium  covering  the  dan 
mater  eonsists  of  cells  of  ^^nn  ^°  inna  ^^  ^"  inch,  with  rounded  or 
elongated  nuclei  bAd  ^  ivso  of  ^^  inch  in  diameter. 

Vessels  and  Nerves  of  the  preoeding  Membranes. — The  dura  mater 
of  the  cord  has  in  its  substance  but  few  vessels,  though  numerous 
arteries  and  veins  of  the  cord  perforate  it.  The  dura  mater  of  the 
eucephalon  is  far  more  vascular,  as  already  described,  especially  in 
its  external  or  periosteal  layer.  The  sinuses  in  it  are  simple  exca- 
vations lined  with  an  epithelium.       ' 

The  arachnoid  membrane,  whether  of  the  brain  or  the  spinal 
cord,  contains  no  proper  vessels. 

The  pia  mater  both  of  the  brain  and  the  cord,  has  a  tolerably 
rich  capillary  plexus  of  its  own,  besides  supporting  the  very  co- 
pious ramifications  of  the  vessels  of  the  nervous  substance. 
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Lymjihatia  are  said  to  liave  been  demonstrated  b;  FohmaaD  and 
Arnold  in  the  pia  mater,  on  the  surface  both  of  the  oerebrum  and 
oerebellam,  and  io  the  choroid  plexua — as  obserratioo  needing 
confirmation. 

Nerves  also  are  found  in  the  membranes  of  the  nervous  centres. 
The  dura-  mater  of  the  cerebrum  has  nerves  (twigs  of  the  eighth 
pair),  pretty  nearly  following  the  course  of  the  meningeal  arteries, 
and  especially  upon  the  middle  meningeal.  A  twig  from  the  third 
branch  of  the  fifth  pair  is  distributed  principally  to  the  hoses. 
Another  from  the  fifth  pair  is  called  the  nerve  of  the  tentorium 
oerehelli,  and  goes  to  the  larger  sinuses  of  the  .dura  mater.  [Pappen- 
Aotm.)  Neither  Kolliker  nor  Purkinje  has  detected  any  nerves  in 
the  theca  vertebralis;  though  they  occur  in  the  periosteum  o£  tbe 
vertebral  canal,  and  on  the  arteries  going  to  the  vertebne  and  the 
oord. 

Tbe  arachnoid  contains  no  proper  nerves,  but  the  vessels  pene- 
tnting  it  do,  especially  at  the  base  of  the  brain.    The  pia  mater  of 
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the  cord  is  richly  supplied  with  plexuses  of  fine  nerve-fibres  which 
accompany  the  vessels.  At  the  base  of  the  brain,  many  similar 
plexuses  occur  on  the  arteries  of  the  circle  of  Willis,  which  are 
distributed  in  twigs  ^^^  of  an  inch  in  diameter  through  the  entire 
cerebral  pia  mater,  following  its  vessels,  but  not  those  of  the  cere- 
bellum. 

The  vessels  of  the  cord  and  encephahn  themselves  on  leaving  the 
pia  mater,  are  supplied  to  the  gray  matter  much  more  abundantly 
than  to  the  white  substance;  the  capillary  plexus  being  closer  (and 
the  capillaries  themselves  of  less  calibre),  to  which  the  dark  color  is 
in  part  due.  The  interstices  of  the  capillaries  in  the  white  sub- 
stance are  gf  i^  by  -^^j^  of  an  inch.  {E.  Weber)  In  the  sheep's  brain 
the  breadth  of  the  interstices  of  the  gray  substance  is  three  or  four 
times  less  than  in  the  white.  (Gerlach.)  (Fig.  818.)  The  finest 
capillaries  in  the  cord  measure  j^^^  of  an  inch,  and  in  the  brain, 
9  vVv  of  ^^  inch.  The  ma:nner  in  which  the  terminal  arteries  merge 
into  the  capillaries  on  entering  the  gray  matter  of  the  convolutions 
from  the  pia  mater  is  shown  by  Fig.  814. 

Chemical  Gomposiiion  of  the  Nervous  Centres. 

The  composition  of  the  elements  of  the  nerve-fibres  has  already 
been  given,  so  far  as  it  is  understood  (p.  430).  The  composition  of 
the  white  and  gray  matter  of  the  encephalon  will  now  be  specified. 

Yauquelin  states  that  the  spinal  cord  and  medulla  oblongata  have 
the  same  composition  as  the  cerebrum,  except  that  they  contain 
much  more  fat,  with  less  albumen,  ozmazome,  and  water.  The  ana- 
lyses of  the  encephalon  alone  will  be  here  given;  and  those  of  Von 
Bibra  will  be  adopted  as  the  most  recent  and  reliable.* 

The  following  is  Von  Bibra*s  analysis  of  the  gray  and  the  white 
matter,  separately,  of  the  brain  of  a  man  aged  30  years,  who  died 
of  phthisis: — 
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Gray  subsUnoe 

of  cerebral  he- 

mispheres. 

White  sabsUnce 

of  oorpat  callo- 

•am. 

White  eabtiunoe 

of  medalU  ob- 

longau. 

Water 

Fat 

Solids,  exclusiTe  of  fat         ... 

83.67 

6.43 

10.00 

69.19 
20.43 
10.38 

71.55 
14.67 
13.78 

'  Comparative  Investigations  of  the  Brain  of  Man  and  the  Mammalia.     Mann- 
heim, 1854. 
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The  following  is  bis  analysis  of  the  entire  encepbalon  of  the 
foBtus  at  different  stages,  and  that  of  a  child  at  6  months : — 


At  10 
wMka. 


At  12 
WMkt 


At  14 
weeka 


At  18 
weeka. 


At  20 
week*. 


At  21        At  37      Child  6 
weeks.    weekH.  i  months. 


Water 

F«t     .        .        .        . 

Solids,  exolosiye  of  fat 


82.96 

6.99 

10.04 


Thus  the  gray  substance  coDtains  more  toater  than  the  white,  the 
water  being  replaced  in  the  latter  by  fat.  The  water  in  the  brain 
of  the  foetus  is  also  far  more  abundant  than  in  the  adult,  the  differ- 
ence being  made  up  by  au  increase  of  fat  in  the  latter.  The  sudden 
increase  of  fat  for  a  short  time  before  and  after  birth,  is  a  fact  of 
much  physiological  interest. 

The  quantity  oi  fat  in  the  brain  is  found  to  be  constant,  within 
certain  limits.  It  is  not  diminished  in  diseases  (X^casioning  ema- 
ciation in  other  parts,  nor  is  it  increased  in  the  lower  animals  by 
fattening.  It  seems  to  be  established  that  the  fat  has  important 
relations  to  the  functions  of  the  brain.  Its  amount  is  a  little  less 
in  old  men  than  in  adults  in  the  prime  of  life.  L'Heritier's  analyses 
also  show  that  it  increases  from  infancy  up  to  adult  d^^Q. 

In  man,  other  mammalia,  and  birds,  the  medulla  oblongata  con- 
tains more  fat  than  the  cerebellum  and  the  cerebrum.  There  is  the 
most  fat,  lelatively  and  absolutely,  in  the  hemispheres  of  the  human 
brain;  next  in  other  mammals,  and  then  in  birds,  amphibians,  and 
fishes. 

An  analysis  of  the  brain-fat  shows  it  to  consist  of  cerebric  acid 
20  to  21  per  cent.,  cholesterine  30  to  83  per  cent.,  and  a  series  of 
fatty  acids  constantly  varying  in  composition,  and  which  contain 
no  nitrogen  or  sulphur.  The  white  substance  contains  more  cere- 
bric acid  and  cholesterine  than  the  gray,  and  consequently  less  of 
the  other  fats.  The  quantity  of  cerebric  acid  seems  to  diminish  as 
wc  descend  the  animal  scale,  and  is  less  in  the  fcotus  and  the  infant 
than  in  the  adult. 

Phosphorus  is  also  contained  in  the  brain-fat ;  except  the  fatty 
acids,  which  solidify  at  a  temperature  below  38J°  (Fahr.),  In  a 
man  who  died  at  59  years  of  age,  of  Bright's  disease,  the  phospho- 
rus in  the  whole  brain  amounted  to  1.68  per  cent,  of  the  fat.  There 
was  the  most  in  the  hemispheres,  the  cerebellum,  and  pons  Varolii 
(1.83  per  cent.);  and  the  least  (1.54  per  cent.)  in  the  optic  thalami 
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and  corpus  callosum.  Yon  Bibra  concludes  that  the  amount  of 
phosphorus  in  brain-fat  is  very  nearly  the  same  in  man,  other  mam- 
mals, and  birds;  that  its  amount  is  not  essentially  modified  in  in- 
sanity, in  old  age,  in  very  young  persons,  and  even  in  the  embryo; 
and  that  there  is  no  reason  to  believe  that  the  intelligence  is  espe- 
cially connected  with  its  amount.  The  fat  of  the  gray  matter  of 
the  brain,  however,  contains  rather  more  phosphorus  than  that  of 
the  white  matter. 

The  other  solids,  besides  faty  alluded  to,  are  albumen,  another  albu- 
minoid substance  not  coagulable  by  boiling,  and  the  mineral  sub- 
stances usually  met  with  in  other  organs  and  in  the  formative  fluids. 
Sulphates  are,  however,  almost  entirely  absent,  and  the  chlorine 
varies  much  in  amount  Of  the  earthy  phosphates,  the  medulla 
oblongata  contains  a  larger  proportion  than  other  parts  of  the  en- 
cephalon.  They  are  also  more  abundant  in  the  brain  of  amphibians 
and  fishes  than  in  the  higher  animals.  In  fact,  all  the  inorganic 
constituents  are  least  abundant  in  the  brain  of  man  and  other  mam- 
mals, greater  in  birds,  and  greatest  in  amphibians  and  fishea  The 
ratio  of  the  potash  to  the  soda  in  the  human  brain  is  nearly  inters 
mediate  between  the  ratios  occurring  in  the  ashes  of  flesh  and  blood 
respectively  (p.  395). 

Functions  of  the  Nervous  System, 

For  definite  information  on  this  subject,  reference  must  be  had 
to  the  treatises  on  physiology.  It  may  here  only  be  remarked  that^ 
so  far  as  motion  is  concerned,  the  gray  matter  of  the  spinal  cord  is 
probably  the  centre  of  reflex  (or  diastaltic)  motion ;  the  ganglia  of 
the  cerebrum  are  the  centre  of  the  emotional  (and  sensational) 
actions;  and  the  cerebral  hemispheres  are  the  source  of  voluntary 
motion.  On  the  other  hand,  some  part  of  the  cerebrum  (and,  most 
probably,  the  optic  thalami)  is  the  centre  of  sensation;  while  the 
sympathetic  influences  ascribed  to  the  ganglionic  nervous  system 
are  not  peculiar  to  it,  but  inhere  also  in  the  ganglionic  nerve-fibres 
in  the  spinal  nerves;  these  fibres  also  being  the  probable  channel 
through  which  emotions  affect  the  organic  functions,  and  especially 
that  of  secretion — as  of  the  milk,  the  lachrymal  fluid,  &c. 

The  cerebral  hemispheres  are  also  the  centre  of  the  intiellectual 
and  moral  faculties;  while  the  cerebellum  presides  over  the  co- 
ordination of  the  voluntary  motions,  but  takes  no  part  in  the  mental 
phenomena.    Certain  facts  point  to  the  conclusion  that  it  is  also  the 
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seat  of  the  sexual  impulse;  but  this  function  cannot  yet  be  regarded 
established. 


Pathological  States  of  the  Nervous  Centres. 

Certain  pathological  conditions  of  the  nerve-fibres  and  the  nerve- 
cells  have  already  been  specified  (pp).  433  and  437).  The  encephalon 
and  cord  are  also  afifectea  by  softening  and  various  other  abnormal 
states — as  from  the  development  of  tumors,  &c.  But  the  consequent 
lesions  of  motion,  sensation,  and  the  intellectual  faculties,  are  too 
nameroua  and  complicated  to  be  described  here. 


CHAPTER   XI. 


THE    MEMBRANES. 


The  synovial  membranes  (p.  844),  the  vaginal  sheaths,  and  the 
borsse  mucosae  (p.  418,  3),  have  already  been  described.  Those  to 
be  described  in  this  chapter  are: — 

1.  The  cutaneous  membrane,  or  skill. 

2.  The  mucous  membranes. 

3.  The  serous  membranes. 

Each  of  these  consists  of  the  same  histological  elements  from 
within  outwards;  viz.,  1,  the  corium ;  2,  the  basement-membrane ; 
and  8,  the  epithelium.  Thus  no  tissnes,  not  already  described, 
occur  in  them. 

Both  the  skin  and  the  mucous  membranes  present  elevations  and 

Fig.  315. 


TjifimX  fonnt  of  papilla  of  tho  tkln  and  mneoos  moBbnne,  and  intMtiiial  rllll.  a,  BaMmonft- 
membrano.  6.  Epithelial  layer  of  iiecretiDg  oelU,  mootlj  detached,  c  Lajer  of  capillary  reea^  in 
the  eorlnm  of  tha  akin  or  maeons  membrane,  d.  Simple  papilla  or  TiUiu.  i^  /.  Compound  (branehed) 
p^lUa.      * 

depressions  on  their  surface;  the  former  being  termed  papillaD  and 
villi,  and  the  latter,  glands.  Fig.  815  represents  the  forms  of  the 
papillad,  and  Fig.* 8 16  of  the  glands. 
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1.  The  corium  of  the  skin,  or  inaerinost  layer,  constitutes  tbe 
greater  part  of  its  entire  thickness  in  most  parts  of  the  body;  and 


Fig.  SIS. 


this  alone  is  converted 
into  leather  when  the 
sktna  of  the  lover  ani- 
mals are  tanned.  Its  re- 
lation to  the  basement- 
membrane  and  the  epi- 
thelium ia  shown  in  a 
vertical  section  of  the 
skin  (Fig.  317);  which 
also  shows  a  sweat  gland 
in  the  subcutaneous  areo- 
lar tissue,  or  superfidal 
fascia,  described  on  page 
290.  It  is  a  tough,  slight- 
ly elastic  membrane,  oom- 
posed  of  white  and  yellow 
fibrouB(areolar)ti88ue;  to 
which  must  also  be  added 
smooth  muscular  fibres, 
bloodvessels,  nerves,  and 
lymphatics,  in  great  abun- 
dance. In  the  inner  po- 
tions of  the  corium,  the 
fibres  are  interwoven  in  a 
manner  to  give  indica- 
tions of  lamination.  The 
elastic  fibres  abound  ia 
the  corium;  but  much 
more  in  the  subcutane- 
ous areolar  tissue.  The 
smooth  muxutarGhiessiao 

£;r4i/,l'.;;X1.''"'''™''"''""'   "    "l»«"dm.omeportio». 

of  the  latter,  constituting 

the  dartos,  so  called,  under  the  skin  of  the  scrotum ;  and  a  similar 

layer  under  the  skin  of  the  prepuce,  of  the  [)erineuni,  and  the  ante- 
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rior  part  of  the  body  of  the  penia.     They  also  exist  under  the  akin 
of  the  areola  around   the  nipple  of  the  female,  forming  circular 
bundles  of  a  jellowiah-red  color,  ev€n  J^  of  an  inch  thick,  and 
extending  both  circularly  and  perpendicu- 
larly into   the  nipple  itself.     But  smooth  „1^^Z' 

muscular  iihrea  are  also  found  in  the  «u- 
perficial  portions  of  the  corium,  and,  in 
fact,  in  every  part  where  haira  occur  {ar- 
reelores  pili,  Eylandt,)  forming  flat  bundJes 
Ta'oQ  ^  TED  °^  '"^  \a(Ai  broad,  which  are 
placed  singly  or  in  pairs  near  the  upper 
part  of  the  hair- follicles  and  sebaceous  fol 
liclea,  Eylandt  finds  the  bundles  to  be 
only  eson  of  an  inch  thick,  and  has  never 
Been  more  than  one  pass  to  a  hair-folticle 
Henle  makes  them  jo'ao  of  an  inch  thick. 
Rising  from  the  superficinl  part  of  the  co- 
rium, they  extend  obliquely  outwarda,  and 
are  inserted  into  the  hair -follicles  close 
behind,  and  near  the  base  of  the  sebaceous 
glands  (p.  267  and  Fig.  135).  Wt 

The  inner  surface  of  the  corium  is  rough 
and   areolated,  to    correspond    with    the 
outer  surface  of  the  superficial  fascia  into 
which  it  merges.     Its  external  surface  is 
also  very  far  from  being  level,  from  the 
development  here  of  the  tactile  papilla;. 
The  reddiah-gray,  external,  superficial  por- 
tion of  the  corium,  containing  the  upper 
portion  of  the  hair- follicles  and  cutaneous 
glands,  and  fbe  terminal  expansions  of  the 
vessels  and  nerves  of  the  akin,  is  some-      v«riiBii  «-ctiua  of  ib.. 
times  called  the  papillary  portion  of  the    nininm  iuit>)«iii'><>i>i»  d 
corium.     The  tactile  ^;)i7/a,  its  most  im-    '"Vurt™"  ■o''j«r^tfcl' «' 
portant  element  (Fig.  itlS),  are  small,  se-    UT*ri  ma»  uj  mm  « 
mi-transparent,  flexible,  but  tolerably  solid    ^^if,!^,  I'lt'^' ^  «.« 
elevations  of  the  external  surface  of  the 
corium,  usually  of  a  conical  or  clavate 
form,  but  Bomelimee  presenting  numerous 
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points  (coiupoutid  papillie,  Fig.  319).     Tliej  are  very  mimetoaiAi 
the  palm  of  the  haad  aad  the  sole  of  the  foot,  and  are  aituated  upon 
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ridges  visible  to  the  naked  eye,  E,  H,  Weber  foUDd  upon  the  vok 
manus,  on  a  surface  1  line  equare,  81  compound,  or  150  lo  200 
smaller  papillre,  disposed  with  tolerable  regularity  in  two  principal 
aeries,  each  having  two  to  five  papilla;  in  the  transverse  directioD; 
placed  on  linear  elevations  tan  lo  j V  of  an  inch  broad  by  aJn  to,'| 
of  an  inch  high — the  ridges  of  the  corinm. 

Elsewhere,  the  papillie  are  more  irregularly  scattered,  either  njiy 
closely  together,  as  in  the  labia  minora,  the  clitoris,  the  penis,  and 
the  nipple,  or  somewhat  cnore  widely  apart,  as  on  the  extremititt 
(except  the  places  above  named),  on  the  scrotum,  the  oeck,  chest, 
abdomen,  and  back. 

The  size  of  the  papillas  varies  much.  The  shortest  (^jg  to  jji 
of  an  inch),  occur  on  the  face ;  and  next  (g  J  g  to  ^  i  n  of  an  inch),  oa 
the  female  breast,  the  scrotum,  and  at  the  root  of  the  penis.  In 
most  other  situations,  they  are  j^j  to  jjg  of  an  inch  long.  The 
longest  (jjo  to  -2 Jo  of  an  inch),  are  found  on  the  palm  of  the  hand, 
the  sole  of  the  foot,  the  nipple  (where  they  are  generally  of  ^e 
compound  kind],  the  anterior  and  posterior  extremities  of  the  bed 
of  the  nail  {j^g  to  yju  of  an  inch),  and  the  labia  minora  (i]a  to 
Tin  of  an  inch).  The  diameter  of  the  papilla;  at  the  base  gene- 
rally equals,  or  is  somewhat  less  than  the  length.  In  the  sborlesL, 
above-mentioned,  it  exceeds  the  length  by  J  or  more;  and  hoooe 
they  reaemble  warts  or  even  abort  ridges.  In  the  largest  papiUs 
the  breadth  is  ^  to  ^  the  length. 

The  distribution  of  the  bloodvessels  and  nerves  in  the  papilis 
will  be  described  on  page  483. 
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Finally,  tii«  t}ackne$s  of  the  corium  varies  from  ^  to  }  of  an  inch, 
being  ^  to  ill  of  an  inch  in  most  places.  It  is  thinnest  {fy  to  ^ 
of  an  inch)  in  the  meatut  auditorivs  exterma,  the  eyelids,  the  red 
border  of  ^e  lip,  and  the  giant  penis  and  clitoridia;  and  thickest 
(^  tO'i^  of  as  inch)  on  the  back,  chin,  upper  and  lower  lip,  the 
aim  mui,  the  ball  of  the  sole,  the  extremity  of  the  great  toe,  over 
the  Kapala  and  the  nates,  and  on  the  heel  (even  ^  to  }  of  an 
inch). 

S.  The  batemaU-membrane  of  the  skin  has  been  demonstrated 
only  in  oertain  parts;  and  by  KSUiker  it  is  not  recognized  as  one 
of  its  histological  elementa  in  the  adnlt;  though  he  admits  it  exists 
Id  th«  embryo.    It  is  merely  a  layer  of 
■iniple  membrane  accurately  covering  Fig.  320. 

every  part  of  the  external  sarface  of  the 
oorium,  and  supporting  the  epitheliiun. 

8.  The  epithelium  of  the  skin  has  al- 
zeady  been  in  a  general  way  described; 
it  beiog  a  compound  scaly  epithelium 
(p.  2M).  Its  outer  layer,  including  the 
harder  portion  removable  by  a  blister, 
it  uaoally  termed  the  epidermis,  or  ou- 
tiole,  or  homy  layer;  and  the  remaining 
iDtemal  portion,  the  atraium  Malpighii, 
or  nfe  mvcotum.  The  latter  consists  of 
several  layers  of  cells,  the  inoennost 
bttog  ,  iVt  to  3  ^b  d  °^  ^  '"'^b  long,  and 
vAs  ^  tihv  °^  ^'^  >i>cb  broad,  and 
pki(»d  perpendicularly  to  the  surface  of 
the  corium.  Sometimes  several  layers 
of  perpendicularly  arranged  cells  occur, 
ipving  the  deepest  portion  of  the  «fralum  dnni>.  ».  Th*  luipigMu  ujh. ''a. 
J&!p.i,*if.rtri.u>d.ppe™««e.  Upon  XT„irTw.C„'.?X 
these,  several  layers  of  elongated  or  p«ii>intor7diiet,«BiuwKuwithiii* 
roDododlB  follow.  (Eigil46ai,d320.)  SiK'Z-^i.^J'S.I'SJ; 
The  cells  in  the  outermost  layer  become  *■  "•  t—f  thioa^  u»  honr  v- 

_  1  J  ,i_  ■    .      it  ,    Uon  of  (ha  apldankli.    t  PanplrHorr 

flattened,  and  thus  merge  into  those  of  p^,^ 

the  outiole  or  homy  kyer.  The  couteots 

of  these  cells  are  never  quite  fiuid,  but  are  finely  granulated,  the 

granules  invariably  diminishing  in  the  more  external  cells.     In  the 

negro  these  granules  are  colored,  as  has  been  shown  by  Fig.  68; 
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especially  those  clustered  round  the  nuclei  of  the  cells.  In  the 
white  races,  the  granules  are  also  darker  in  certain  parts  of  the 
body,  and  the  cells  become  pigment-cells,  therefore,  as  already  de- 
scribed; as  in  the  areola  and  the  nipple  (especially  during  preg- 
nancy and  after  bearing  children),  in  the  linea  alba,  and  the  face 
during  pregnancy,  &c.  (p.  186).  In  the  negro,  even  the  homy  layer 
(cuticle)  is  also  inclined  to  yellow  or  brownish ;  while  in  the  white 
races  it  is  entirely  colorless,  except  in  the  parts  and  circumstances 
just  mentioned.  It  consists  usually  of  many  layers  of  horny  plates, 
the  lowermost  of  which  suddenly  merge  into  the  subjacent  upper- 
most cells  of  the  rete  Malpighii.  That  these  plates  are  still  flat- 
tened cells,  and  contain  a  very  minute  quantity  of  viscid  fluid,  is 
proved  by  the  addition  of  acetic  acid  and  potassa,  which  cause 
them  to  swell  up  and  assume  the  form  of  vesicles,  sometimes,  though 
seldom,  containing  a  rudimentary  nucleus.  In  the  lower  and  mid- 
dle parts  of  the  cuticle,  these  plates  are  pretty  regularly  polygonal 
(4,  5,  or  6  sided) ;  in  the  upper  layers  they  present  more  irregular 
outlines,  and  often  appear  wrinkled  and  folded.  They  vary  from 
lijiJi  ^  7iir  ^^  ^^  i^ch  in  diameter.  Upon  the  glans penis  and  the 
outer  side  of  the  labia  minora,  the  largest  are  ^i^  to  ^^j^  of  an  inch, 
and  on  the  labia  majora  ra^ou  ^  to  of  an  inch  in  diameter.  All 
these  larger  cells  are  distinctly  nucleated. 

These  plates  being  applied  to  each  other  horizontally,  give  the 
cuticle  a  distinct  lamination.  The  most  stiperficial  laminae  are 
parallel  to  the  general  surface  of  the  corium,  while  the  deepest  take 
a  direction  parallel  to  the  surface  of  the  papillae.  Thus  depressions 
corresponding  to  the  papillae  in  form  appear  on  the  inner  suriace  of 
the  cuticle  (Figs.  3^1  and  328),  and  into  which  the  papillae,  covered 
by  the  stratum  Malpighii,  projected. 

The  thichiess  of  the  entire  epithelium  of  the  skin  varies  in  differ- 
ent parts;  viz.,  it  is  gi^y  to  gj^y  of  an  inch  on  the  chin,  cheeks,  and 
brow,  on  the  eyelids,  and  in  the  external  auditory  passage;  ^J^^  to 
^^^  of  an  inch  on  the  bridge  of  the  nose,  the  breast  and  nipple  of 
a  female,  the  back  of  the  toes  and  the  fingers,  on  the  neck  and  back, 
on  the  inner  and  outer  side  of  the  thigh,  the  scrotum,  and  the  labia 
minora. 

It  is  J, J^  to  f  Jj  of  an  inch  on  the  edge  of  the  eyelids,  the  male 
chest  and  nipple,  the  hairy  scalp,  the  chin,  penis,  prepuce,  and  glans 
P^i^is;  yjg  to  j^ltf  of  rfn  inch  on  the  red  external  portion  of  the  lips. 


and  the  back  of  the  baud;  y^^  to  gj  of  an  inch  on  the  flexor  side 
of  the  fingers  and  toet. 

It  is  g'g  lo  g'l  of  an  iocb  on  the  palm,  and  ^',  to  g  of  an  inch  in 
the  sole  of  the  foot;  though  here  the  varieties  are  greatest. 

As  compared  with  the  horny  layer  (cuticle)  alone,  the  siratitm 
Malpighii  is  in  some  localities  always  2\  to  4j  times  the  thicker; 
viZt  in  all  parts  of  the  face,  in  the  hairy  scalp,  the  penis,  the  scro- 
tum, the  nipple,  and  the  skin  of  the  thorax  in  man;  in  the  labia 
majora  and  minora,  and  on  the  back  of  the  hand  and  neck.  In  the 
glaos  penis  the  stratum  Malpighii  and  the  cuticle  arc  of  equal  thick- 
ness. In  other  parts  of  the  body  the  two  layers  are  either  equal  in 
thickness,  or  the  horny  layer  is  2  to  o  (or  sometimes  10  to  1 2)  limes 
as  thick  as  the  Malpighian. 

The  thickness  of  the  stratum  Malpighii  (at  the  base  of  the  pa- 
pillie)  varies  between  ti'io  "*"<!  ts  **''  "Q  '"ch.    When  thicker  than 
the  horny  layer,  it  averages  ,ia  of  an  inch;  when  thinner,  ,g'ga  to 
g  J  B  of  an  inch. 
SI 


482  THE  TISSUES. 

Chemical  Oompositum  and  Physical  Properties  of  the  Skin, 

The  general  compositioii  of  the  cuticle,  as  one  of  the  homy  tis- 
sues, has  already  been  indicated  (p.  285).  Its  cell-walls  are  insoluble 
in  water,  but  concentrated  alkalies  and  concentrated  sulphuric  acid 
easily  dissolve  them;  and  hence  the  skin,  if  wetted  with  these  agents, 
feels  slippery  and  greasy.  The  cuticle  contains  less  sulphur  than 
the  hair  and  nails;  and  hence,  perhaps,  salts  of  lead,  mercury,  and 
bismuth  color  the  hair,  but  not  the  epidermis.  Nitrate  of  silver 
colors  it  violet  or  brownish  black;  the  oxide,  chloride,  and  black 
sulphuret  of  silver  being  formed  from  the  chloride  of  sodium  and 
the  sulphur  it  contains.  The  tissue  of  the  cuticle  is,  however,  quite 
unchanged,  the  microscope  merely  detecting  minute  dark  granules 
between  its  elements.  But  strong  solutions  of  the  iodide  and  of  the 
cyanuret  of  potassium  remove  the  color,  by  dissolving  away  the 
horny  plates  themselves. 

The  horny  structure  of  the  epidermis  permits  no  fluids,  except 
those  which  act  chemically  upon  it,  to  pass  through  it ;  while  it 
readily  takes  up  gaseous  matters,  or  easily  vaporizable  substances, 
as  ether,  alcohol,  acetic  acid,  ammonia,  ethereal  solutions  of  chloride 
of  iron,  and  alcoholic  solutions  of  acetate  of  lead.  It  also  gives  all 
these  off  by  cutaneous  evaporation.  {Kraitse,)  Water,  ointments, 
and  even  solid  matter  (sulphur,  cinnabar),  pass  through  the  unin- 
jured cuticle ;  but  here  there  is  a  mechanical  intrusion,  in  and 
through  the  sweat-ducts  and  hair  sacs,  to  the  stratum  Malpighii, 
which,  on  the  contrary,  is  easily  penetrated  by  fluids.  Hence,  also, 
the  very  ready  occurrence  of  absorption  after  the  separation  of  the 
horny  layer  and  the  superficial  portion  of  the  Malpighian,  by  a 
blister. 

The  cerium  affords  gelatine  on  boiling,  from  the  osteine  contained 
in  its  white  fibrous  tissue.  It  putrefies  with  difficulty,  and  not  at 
all  when  tanned.  Its  toughness  and  slight  elasticity  have  already 
been  mentioned. 

Vessels  of  the  Skin, 

The  arteries  in  the  subcutaneous  areolar  tissue  give  off  many 
branches  to  the  hair-papillae  (p.  259),  to  the  fat-lobules  (Fig.  18b), 
and  the  smooth  muscular  fibres.  More  externally,  they  supply  the 
sweat-  and  the  sebaceous  glands  (Figs.  138, 135),  and  the  inner  por- 
tion of  the  corium ;  and  finally  penetrate  into  its  outer  part,  and 
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into  the  papillsB  themselves,  where  they  terminate  in  a  close  capil- 
lary network.     This  consists — 1st,  of  a  horizontal  portion  lying 
immediately  under  the  surface  covered  by 
the  Malpighian  layer,  composed  of  vessels  Fig-  322. 

Ta'oii  ^  n^Jf  ^^  ^^  ^^^^1  *^^  ^f  capillaries 

fjhjf  to  si'ou  o(  an  inch  in  diameter,  with 

narrow  meshes ;  and,  2dly,  of  many  loops 

of  the  finest  vessels  {jjfjsjf  to  ,|^if  of  an 

inch)  given  off  to  the  papiUsa.   (Fig.  822.) 

Generally,  each  papilla  has  its  own  capillary 

loop,  which  runs  either  in  its  axis  or  near     v««eis  of  the'papni-  from  the 

the  surface,  almost  to  its  apex.    The  com-    J***^-  «*  TerminAi  art«rui  twi». 

.....  ,  .  «.  Commending  vein.    (Magnified 

pound  papillsB  have  several  loops.  8odiamet«n.) 

Lymphatic  vessels  also  exist  in  the  sub- 
cutaneous areolar  tissue,  and  form  a  very  close  network  of  fine 
vessels  in  its  outermost  part,  f^\jf  to  y^^  of  an  inch  in  diameter. 

The  Nerves  of  the  Skin. 

But  few  nerves  exist  in  the  subcutaneous  areolar  tissue;  but 
these,  entering  the  corium,  anastomose  frequently,  and  form  rich 
terminal  plexuses.  Of  these,  the  deeper  portions  consist  of  fine 
branches,  still  containing  many  nerve-fibres,  with  wide  meshes; 
while  the  superficial  portions  consist  of  fibres,  either  single  or 
united  in  pairs,  with*narrow  meshes.  In  this  last  there  also  occur 
(perhaps  not  in  all  the  fibres)  actual  divisions  of  the  nerve-fibres, 
generally  at  an  acute  angle,  into  two  subdivisions ;  and  from  the 
plexus  itself  the  fibres  finally  enter  the  base  of  the  papillae  in  pairs, 
running  to  their  extremities,  and  then  uniting  in  a  loop.  (Fig.  828.) 
The  nerve-fibres  in  the  papillae  vary  from  y^l^v  to  juVif  of  an  inch. 
The  axile  or  tactile  corpuscles  (corpuscula  tactiis),  described  by  li. 
Wagner  (Pig.  828),  are  regarded  by  Kolliker  as  consisting  of  col- 
lagenous tissue,  with  much  undeveloped  elastic  tissue.  These  exist 
only  in  a  small  proportion  of  the  papillae — about  1  in  4  of  those 
on  the  first  joint  of  the  index  finger.  {Msissner.)  They  resemble  a 
fir-cone  in  form,  and  occupy  one-third  to  two-thirds  of  the  width  of 
the  summit  of  the  papilla,  and  one-fourth  to  three-fourths  of  its 
length.  The  conclusion  of  Wagner,  that  the  papillae  without  these 
corpuscles  contain  vessels  only,  but  not  nerves,  needs  further  con 
firmation.  At  any  rate,  dark-bordered  nerve-fibres  are  found  in 
vascular  papillae  without  axile  corpuscles,  in  the  sole  of  the  foot 
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and  on  the  lips.     His  assertion,  also,  that  the  papillte  containing 
axile  corpusclea  have  no  vessels,  is  not  confirmed  by  Kolliker's 
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observations,  thongh  it  may  apply  to  particular  cases.  It  ie  very 
probable  that  the  nerve-fibres  do  not  in  all  cases  enter  into  the  pa- 
pilla at  all,  but  terminate  in  the  superficial  plexus  at  their  base.' 

Development  of  Che  Sl-in.    ' 

The  corium  consista,  at  first,  entirely  of  cells;  among,  and  from 
whicb,  enbaequently,  the  white  fibres  and  the  elastic  tissue,  the 
vessels  and  nerves  are  formed.  It  evidently  grows  from  within 
outwards,  so  that  the  papillte  are  developed  last  of  all.  It  also  con- 
tinues to  grow  a  long  time  after  birth,  it  being  only  half  as  thick 
in  children  under  seven  years  of  age  as  in  the  adult.  {Krause.)  In 
embryo  of  two  months,  it  is  aAo  to  ij'go  of  an  inch  thick,  and 
presents  tolerably  distinct  collagenous  tissue.  In  the  fourth  monih, 
the  first  lobules  of  fat  appear,  and  the  ridges  of  the  hand  and  the 
sole  of  the  foot. 

The  epithelium  of  the  skin  has  its  first  layers  developed  by  the 
metamorphosis  of  the  most  superficial  of  the  primordial  cells  of  the 
embryo.     The  outermost  layers  of  these  become  the  cuticle,  and 


'  WTiile  Kbiliker  ranintaina  that  the  nerye-flbrea  tBrminate  in  locpa  on  lh«  sat- 
face  of  the  aiile  corpuBclp,  Meiaaner  regards  the  crosi  alriK  on  Ibe  lattw  as  the 
termination  of  the  dark-bordered  Derve-fibres. 
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those  underneath,  the  stratum  Malpighii.  Then,  as  the  former  be- 
comes detached,  it  is  recruited  Irom  the  latter.  The  extension  in 
surface  of  the  cuticle  implies  a  series  of  desquamations  in  the  em- 
bryo and  the  foetus,  and  which  must  also  occur  after  birth.  The 
multiplication  of  the  cells  in  the  stratum  Malpighii  is  certainly  not 
by  free  cell-development  (p.  120) ;  since  at  no  age  are  free  nuclei 
present  in  it.  {Kblliker.)  In  the  embryo  of  five  weeks,  there  are 
but  two  layers  of  oells  instead  of  the  epithelium ;  at  fifteen  weeks, 
three  layers  of  cells,  the  two  internal  for  the  stratum  Malpighii ;  in 
the  fifth  month,  the  latter  consists  of  many  layers  of  the  smallej 
cells,  and  the  cuticle  of  at  least  two,  of  polygonal  flattened  cells ; 
and  at  the  seventh  month,  these  two  layers  are  as  sharply  distin- 
guished from  each  other  as  in  adults.  In  the  new-born  infant  the 
epithelium  resembles  that  of  the  adult,  except  that  it  is  more  easily 
separated  from  the  corium  by  maceration,  and  that  the  stratum 
Malpighii  is  disproportionally  thick,  and  the  cuticle  very  delicate. 

The  desquamations  of  cuticle  during  embryonic  life,  already 
alluded  to,  aid  in  the  formation  of  the  vemix  caaeosa^  already  de 
scribed  (p.  226) ;  this  consisting  of  the  external  epidermic  cells 
mixed  up  with  the  sebaceous  secretion  of  the  skin,  and  containing 
hairs ;  and  which,  especially  from  the  sixth  month  onwards,  covers 
the  whole  surface  of  the  foetus.  It  varies  greatly  in  quantity  in  the 
new-bom  child ;  sometimes  amounting  to  even  3^  drachms. 

The  pigment  in  the  stratum  Malpighii  of  the  negro,  appears  after 
birth.  The  edges  of  the  nails,  and  the  surface  around  the  nipple, 
become  rapidly  tinged  black ;  the  genital  organs  become  colored  on 
the  third  day,  and  the  whole  body  on  the  fifth  and  sixth.  {Camper.) 
In  Europeaps  also,  the  pigment  in  the  areola  is  gradually  developed 
during  the  first  year. 

The  growth  of  the  corium  presents  no  peculiarities.  The  cuticle 
is  constantly  being  detached  and  repaired,  and  is  thus  constantly 
growing.  The  cells  of  the  stratum  Malpighii  are  developed  from 
plasma  exuded  from  the  bloodvessels  of  the  corium ;  and  of  which 
a  determinate  quantity  always  exists  among  these  cells,  and  even 
those  of  the  cuticle  also.  In  the  deep  fold  of  the  skin  surrounding 
the  glans  penis  and  clitoridis^  this  continuous  desquamation  and  re- 
production of  the  cells  of  the  cuticle  produce  the  substance  (not 
a  secretion,  as  generally  supposed)  called  the  smegma  prcepnlii.  In 
the  male,  however,  the  secretion  of  Tyson's  glands  may  be  mixed 
with  it;  but  in  the  female,  neither  sebaceous  nor  any  other  glands 
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exist  on  either  the  prepuce  or  the  glans  clitoridia.  {KoUHxr. 
man's  annljsis  of  the  smegma  has  tilready  been  giyen  (p.  227). 

The  corium  is  regenerated  if  entirely  removed;  but  the  new  de- 
velopment has  neither  papillie  nor  ridges. 

The  epithelium,  therefore,  though 
regenerated  in  all  cases  wheo  removed, 
has  none  of  the  usual  elevations  and 
tiepressionB  on  both  its  aurfacea,  if  the 
corium  also  has  been  removed.  If 
the  latter  has  remained  uninjured,  the 
new  epithelium  is  rapidly  produced 
and  perfect,  though  it  grows  up  as 
a  whole  from  the  corium  below.  This 
is  well  ahown  by  the  application  of  a 
blister. 
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Appendages  and  Accessobt 

QANS  OF  THE  SkIN. 
The  appendages  of  the  akin  are  the 
nails  and  the  hair,  already  described 
(pp.  249 — 68).  The  accessory  organs 
are:  1,  the  sebaceous  glands;  2,  the 
sweat-glands;  and  3,  the  subcutaneous 
burscE  mucosa. 

1.  ^'h^.  SuhcntOTieoua  Bursm  Mvcraa 
are  merely  simple  or  partially  subdi- 
Tided  reticular  spaces  in  the  aubcuia- 
neoua  areolar  tissue ;  as  over  the  up- 
per e.xtremity  of  the  oleoranon,  over 
the  patella,  &c.  Their  internal  walls 
are  smooth  but  uneven,  and  are  form- 
ed of  areolar  tissue.  They  contain 
a  viscid  clear  fiuid,  but  have  no  epi- 
thelium. 

2.  The  Selaceoua  ffiatKis.— These 
glands  vary  in  form  from  the  simple 

~'i   follicle  (Fig.  324,  a)  to  the  racemose 

J    gland  (b'ig.  324,  b).     They  occur  priu- 

•   cipally  upon  the  hairy  parts  of  the 

body,  opening  in  common  with  the 
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bair-sacs;  and  hence  are  sometimes  termed  the  glands  of  the  hair- 
sacs.  They  in  faat  occur,  of  the  hairless  parts,  only  on  the  labia 
minora,  and  the  glans  penis  and  clitoridis,  and  the  prepuce  of  both 
the  male  and  the  female.  The  opening  of  the  gland  is  sometimee 
common  with  that  of  the  hair-sacs,  aometimes  it  terminates  in  the 
latter,  and  sometimes  the  hair-sac  is  smallest,  and  the  hairs  come 
out  through  the  glandular  opening  itself.  (Pig.  324,  B.)  G«nerally, 
the  small  hair-sacs  have  the  larger  glands,  and  vice  verta.  The  hairs 
of  the  ecalp  have  the  smallest,  y^g 
to  ,S  of  an  inch  in  diameter,  and 
these  are  simple  follicles  lodged  in 
the  superficial  portion  of  thecorium. 
The  largest  of  all  exist  on  the  mom 
veneris,  the  hlna  mofora,  and  the 
acrotum,  where  they  are  compound, 
and  found  in  the  deepest  portions  of 
thecorium.  Frequently  two  or  more 
(even  five)  glands  are  connected  with 
a  single  hair  (Fig.  135);  there  being 
generally  two  in  the  scalp.  The 
glands  upon  the  nose  (also  the  ante- 
rior half  of  the  penis,  and  the  areola), 
often  attain  to  a  colossal  size  and 
peculiar  forma.    (Fig.  826.) 

The  sebaceouB  glands  on  the  glans 
penis  and  the  inner  lamella  of  the 
prepuce,  called  Tyson's  glands,  some- 
times occur  in  very  small  number, 
and  sometimes  in  hundreds.     Gene- 
rally, ten  to  fifty  are  found  on  the 
prepuce,  and  mostly  racemose;  while   i 
on  the  glana  they  may  be  totally  ab>  ^ 
sent,  or  may  exist  in  its  anterior  enr- 
fiice  in  great  numbers  (even  to  one  hundred) — being  here  more 
simple. 

The  Meibomian  glands  in  the  eyelids  must  also  be  regarded  as  a 
larger  kind  of  sebaceous  gland.    (Fig.  136.) 

In  their  minute  structure  the  sebaceous  glands  consist  of — 1,  an 
external  delicate  layer  of  collagenous  tissue  (or  basement-mem- 
brane— Kblliker),  continued  from  the  hair-sac,  or  the  corium  where 
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no  hairs  are  present ;  within  which  ire  (2)  masses  of  eellB.  TW 
latter  are  arranged,  first  in  a  single,  and  rarely  in  a  double  layer,  in 
contact  with  the  base  men  t-membrane ;  internally  to  which  are  uther 
cells  containing  more  fat,  and  which  pass  into  the  inneripost  of  the 
cells  which  are  larger  (,Jij  to  ^Jg  of  on  inch),  and  so  filled  with 
colorless  fat  that  they  might  be  termed  sebaceous  cells.    (Fig.  32li.) 


The  fat  in  them  sometimes  appears  in  the  form  of  a  single  drop 
quite  filling  the  cells;  at  others  it  still  retains  the  form  of  distinct 
small  drops.  In  the  former  case,  they  resemble  the  adipose  cells. 
By  endogenous  development  new  cells  are  constantly  produced  in 
t)ie  bottom  of  the  glands,  and  thus  the  pre-existing  cells  are  thrust 
forward,  and  finally  excreted  through  the  neck  of  the  gland  upon 
the  cuticle. 

It  appears  that  no  nerves  are  distributed  to  the  sebnceoua  glands. 
Nor  are  vessels  distributed  upon  and  between  their  lobules;  while 
numerous  vessels  and  capillaries  exist  around  the  glands. 

These  glands  are  d':vehped  from  about  the  end  of  the  fourth 
month  of  embryonic  life,  together  with  the  hairs,  since  they  appear 
as  outgrowths  or  processes  of  the  hair-sacs.  Subsequently  the  pro- 
cesses become  filled  with  the  cells  above  described;  and,  finally, 
they  open  on  the  surface,  and  the  structure  of  the  gland  is  now 
complete.  All  the  glands  are  at  first  simple,  and  moat  are  so  in  the 
fcetus  of  seven  months ;  and  the  compound  are  formed  by  processes 
proceeding  from  these.     Sometimes  a  simple  gland  growing  rapidly 
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completely  surrounds  a  hair-sac  on  all  sides,  constituting  a  glandu- 
lar rosette. 

The  sebaceous  glands  grow  after  birth.  In  fact,  those  of  the 
labia  minora  do  not  exist  at  all  at  birth. 

The  composition  and  uses  of  the  sebaceous  secretion  are  specified 
on  page  227. 

8.  The  Sudoriferous  or  Sweat- Glands, — These  consist  of  a  single 
delicate  convoluted  tube,  which  secretes  the  sweat.  They  occur  on 
the  whole  surface  of  the  skin,  except  the  concave  side  of  the  con- 
cha of  the  ear,  and  the  external  auditory  meatus,  the  glans  penis, 
the  inner  lamella  of  the  prepuce,  and  a  few  other  localities — and 
open  upon  it  by  numerous  fine  apertures. 

Each  sweat-gland  may  be  divided  into  the  gland  proper  and  the 
eoccretory  duct.  (Figs.  188,  317,  821.)  The  proper  gland  is  rounded 
or  elongated,  yellowish,  or  yellowish-red,  and  ^j  to  jV  of  an  inch 
in  diameter.  On  the  eyelids,  however,  and  some  other  parts,  they 
are  only  x  J^  of  an  inch  ;  while  on  the  areola  they  are  ^^  of  an  inch, 
and  in  the  hairy  parts  of  the  axilla  even  ^-^  to  ^  of  an  inch  thick, 
and  x*3  to  i  of  an  inch  broad.  They  are  mostly  lodged  in  the 
deeper  layer  of  the  corium,  sometimes  more  superficially,  and  often 
in  the  su^utaneous  areolar  tissue  among  the  hair-sacs. 

Number  of  the  Sweat- Olands, — Krause  states  that  in  a  square  inch 
of  the  skin  there  are  between  400  and  600  glands  on  the  back  of 
the  trunk,  the  cheeks,  the  upper  arm,  and  the  thigh;  924  to  1,090 
on  the  anterior  part  of  thp  trunk,  on  the  neck,  brow,  forearm,  back 
of  the  hand,  and  foot ;  2,685  on  the  sole  of  the  foot ;  and  2,786  on 
the  palm  of  the  hand.  Their  total  number,  including  those  of  the 
axilla,  is  estimated  at  2,881,248 ;  and  their  volume,  including  the 
latter,  89,658  cubic  inches. 

The  aggregate  length  of  all  the  excreU>ry  ducts  of  the  sweat-glands 
in  the  body  has  been  estimated  by  Wilson*  at  28  miles. 

1.  In  their  minute  structure,  the  sweat-glands  usually  consist  of 
a  single  canal,  pretty  uniform  in  diameter  throughout  its  length 
(which  Krause  once  found  to  be  j\  of  an  inch),  twined  into  a  coil, 
and  terminating  on  the  surface  on  the  interior  of  the  latter  in  a 
slightly  enlarged  blind  extremity.  (Fig.  188.)  Most  of  these,  having 
thin  walls,  possess  an  external  investment  of  embryonic  collagenous 

*  Treatise  on  Diseases  of  the  Skin. 
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tissue,  with  scattered  elongated  nuclei,  and  lined  apparent 
t  as  em  en  t- membrane,  supporting  a  single,  double,  or  multiple  layer 
of  polygonal  cells,  corresponding  to  the  deep  cells  of  compound 
conoidal  epithelium,  except  that  they  generally  contain  a  few  fatty, 
and  still  more  frequently  yellowish  or  brownish,  pigment-gran  ulea. 
(Fig.  327,  A)    The  rest,  called  the  thick-coaled  canals,  contain  be- 


tween  the  two  layers  just  described  a  middle  layer  of  smooth  r 
cular  fibre-cells  running  longitudinally.  (Fig.  827,  B.)  This  is  the 
case  with  the  large  glanila  of  the  axilla,  of  the  root  of  the  penis, 
and  the  nipple ;  and  the  ccecal  extremity  of  the  canal  is  supplied 
with  muscular  fibre-cells  in  the  scrotum,  labia  majora,  mons  veneris, 
and  some  other  parts. 

The  size  of  the  canal  varies  from  ^Js  to  ,Jo.  Ri'^  averages  about 
]Jq  of  an  inch.  The  walls  are  gego  to  ^vVa  ''f  ^^  iac^  thick;  the 
epithelium,  ib'tso!  ^"d  the  cavity,  or  lumen, -^^^^  to  yaonof  an  inch. 
The  largest  glands  have  canals  j^t^  to  gJo  of  au  inch  in  diameter, 
with  walls  jo'uo  of  an  inch  thick. 

The  coils  of  the  proper  glands  are  penetrated  by  collagenous 
tissue  interspersed  with  fat-cells;  which  supports  the  vessela,  and 
unites  the  separate  convolutions.  The  arrangement  of  the  vessels 
is  seen  in  Fig.  138.     No  nerves  have  yet  been  found  in  the  glands. 

2.  The  sweal-ducls  are  continuous  with  the   upper  end  of  the 
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glandular  coil,  and  ascend  vertically  tbrough  the  corium,  penetrating 
belaren  the  papillas  into  the  epithelium.  Here  they  twist  like  a 
corkscrew,  and,  according  to  the  thickness  of  the  cuticle,  make  two 
to  sixteen  spiral  turns,  and  ter- 
minate by  small  round  or  funnel- 
shaped  apertures  (jj^  to  ^jg  of 
an  inch),  called  the  sweat-pores, 
on  the  free  surface  of  the  cuticle. 
(Fig.  328.)  They  retain  their  epi- 
thelium, consisting  of  at  least 
two  layers  of  cells,  till  they  reach 
the  surface  of  the  corium.  But 
while  traversing  the  stratum  Mal- 
pighii  and  the  cuticle,  they  are 
merely  bounded  by  layers  of 
cells.  Sometimes  the  excretory 
ducts  of  two  glands  unite  into 
one,  (Kraust.) 

These  glands  are  developed  ori- 
ginally as  solid  fiask-shaped  pro- 
cesses of  the  stratum  Malpighii 
projecting  into  the  corium,  and 
are  very  similar  to  the  hair-sacs. 
They  first  appear  iu  the  fifth 
month  of  embryonic  life.  At 
the  seventh  month  the  sweat- 
duct  is  seen  perforating  the  cu- 
ticle, and  the  gland  has  pene- 
trated downwards  to  the  inner 
portion  of  the  corium.  and  be- 
come bent  like  a  hook,  indicative 
of  the  future  coils.  Soon  aOer  ^^.^i^^'^"' 
this,  the  gland  acquires  the  ap- 
pearance it  presontfi  in  the  adult, 
and  probably  no  new  ones  are 
developed  after  birth. 

Tlie  secretion  afforded  by  the    "*'"•"  ii 
sudoriferous  glands  has  already 
been  described  (p.  229). 

The  ceruminotit  glands  of  the  ear  may  be  regarded,  histologi- 


oniBdh-mb 

lbr(l>Dd.W 

h>n  It  bigl 

.tob,«i,u 

i.r«fii.,d« 

IclB.  ud  ihw 

lli>>pldrni> 

eluslBB. 

Th.d«*|,n 

DMbnnlli. 

iHinrhna 

U-hichlh. 

mUlaiR 

Hie>i.  ft. 

(iU(ta«^5. 

) 

THE  TI8BDBS. 


cally,  as  a  variety  of  sweat-glaods.    Fig.  S29  represeDts  their  va- 
rious forms  and  relations  to  the  bair-sace.    They  exist  only  in  the 
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cartilaginous  portion  of  the  external  auditory  meatus ;  being  ^tu- 
ated  between  the  lining  membrane  of  the  passage  and  the  cartilage, 
or  the  fibrous  substance  supplying  its  place,  in  a  tough  subcuta- 
neous tissue  containing  but  little  fat. 

The  properties  and  uses  of  the  cerumen  have  already  been  spe- 
cified (p.  228);  it  being  associated  physiologically  with  the  seba- 
ceous secretion. 


Functiom  of  the  Skin. 
The  skin  fulfils  a  variety  of  functions. 

1.  Of  protection,  as  the  common  tegument  of  the  body, 

2.  As  an  absorbing  organ.  Gases  are  rapidly  absorbed,  and  cer- 
tain solid  and  fluid  substances  (p.  230).  Even  nutritious  fluids  are 
absorbed  by  the  skin,  as  proved  by  the  effects  of  nutritious  baths. 
Here  the  fluid  probably  enters  to  the  stratum  Ualpigbii  mainly 
through  the  sweat-ducts  (p.  4ti2). 
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S.  Hence  the  skin  is  an  aerating  organ,  as  accessory  to  the  lungs; 
oxygen  being  absorbed  directly  into  its  bloodvessels. 

4.  The  skin  is  a  secreting  organ,  affording  the  sweat  and  the 
sebaceous  fluid. 

5.  The  contraction  of  the  skin  is  shown  in  the  cutis  anserina  (so 
called),  the  erection  of  the  nipple,  and  the  wrinkling  of  the  skin  of 
the  scrotum  and  the  penis  (p.  477). 

6.  But  the  skin  manifests  its  most  important  function  as  the 
organ  of  the  sense  of  touch.  And  it  is  a  singular  fact  that  all 
points  of  the  skin  are  sensitive,  though  nerves  cannot  be  demon- 
strated in  all,  or  even  in  the  majority,  of  the  papillae.  KoUiker, 
however,  finds  that  the  same  point  is  sometimes  sensitive,  and  some- 
times not  so.  Probably  the  nervous  plexus  at  the  base  oi  the 
papillae,  and  not  those  in  the  latter  alone,  are  the  media  of  the 
sensibility  of  the  skin.  The  various  modifications  of  tactile  im- 
pressions, as  those  of  pressure,  warmth  and  cold,  of  orgasm,  of  tick- 
ling, pricking,  burning,  and  pain,  are  not  well  accounted  for.  The 
thickness  of  the  cuticle  of  a  part,  the  paucity  or  abundance  of 
nerves,  the  superficial  or  deep  position  of  the  nerve-fibres,  the 
thickness  or  delicacy  of  their  neurilemma,  &c.,  must  doubtless  be 
taken  into  consideration;  and,  on  the  other  hand,  also,  the  agents 
producing  the  sensations  named. 

Pathological  States  of  the  Skin. 

m 

1.  Pathological  colorations  of  the  epithelium  of  the  skin  have 
already  been  mentioned  ^p.  187).  A  local  thickening  of  it  from 
continued  pressure  constitutes  the  clavus  or  com,  and  its  other 
morbid  states  are  mentioned  on  page  247. 

In  the  vesicular  diseases  of  the  skin  (pemphigus,  &c.),  an  exuda- 
tion of  plasma,  occurring  from  the  vessels  of  the  corium  into  the 
stratum  Malpighii,  causes  a  limited  elevation  of  the  cuticle.  In 
eczema,  herpes,  and  miliaria,  the  vesicles  are  very  small.  In  ich- 
thyosis the  cuticle  is  much  thickened. 

II.  The  corium  may  (1)  become  generallv  atrophied  in  wasting 
chronic  diseases  (tuberculosis,  syphilis,  &c.);  it  becoming  thinner 
and  smoother  on  its  surface,  and  the  sebaceous  and  perspiratory 
glands,  and  the  hairs,  even,  becoming  atrophied  or  aisappearing. 
Local  atrophy  may  be  produced  by  pressure  and  other  causes. 

2.  New  formations  of  areolar  tissue  in  the  corium  (papilloma, 
Ac.)  have  already  been  described  (p.  247). 

3.  The  corium  is  also  the  seat  of  disease  in  all  the  exanthemata 
(scarlatina,  rubeola,  &c.) ;  most  of  them  affecting  the  papillary  por- 
tion more  especially. 

4.  In  variola,  papulos  (so  called)  are  first  formed  by  exudation 
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mainlT  of  the  pftpill»,  which  sabsequeDtlj  ex- 
sci^  ^:  izji  szr^s^im  Malpighii,  producing  a  vesicle;  and  wbieh 
ris&^T  cexcess  x  p:i3:aley  since  pus  is  formed  in  it.  The  centre  of 
i^  Z'-zs^-i  j5  icpr^seed.  from  the  &ct  that  the  opening  of  a  seba- 
»:>:::$  rlkzd  iz;i  a  bair-sac  penetrates  there ;  ana  which  does  not 
aZLrw  •!»»  c^rJ*  ihere  lo  become  detached  and  elevated,  since  it  is 


5.  Iz  ]i«AvIs<.  M^fkim.  and  prurigo^  papulae  alone  are  prod  need 
TzriT*.  ilsot.  ihte  Tascoiar  injection  is  confined  to  the  most  saper- 
ZiSjL  lajers  c-f  the  corium.  In  inveterate  cases,  however  (of  pru- 
rigo.  :h!e  exudation  extends  to  the  deeper  layers,  and  the  hairs  and 
sebaceous  glands  disappear. 

*-  Ll  iTsfrraop,  or  warts,  the  papillae  become  hypertrophied. 

m.  The  jebiceoii5^2tiii£bbea>me,  1,  hypertrophied  in  the  akrothy- 
miark^  or  moist  wart^  and  in  tuevus  pilosua.  2.  They  become  atrophied, 
or  entirely  disappear,  when  the  hairs  fall  ont,  t.  e.  on  bald  places.  3. 
The  ccmfdones  are  mere  distensions  of  the  sebaceous  glands  and  the 
hair-sacs  with  sebaceous  matter,  and  are  most  frequent  where  the 
glands  are  largest,  as  on  -the  nose,  lips,  chin,  ear,  areola,  and  scro- 
tum. Milium  v^  Que  to  a  similar  distension  of  the  sebaceous  folli- 
cles alone ;  consisting  of  white  spots  on  the  eyelids,  the  root  of  the 
nose,  the  ear,  the  scrotum,  &c  In  both  these  cases,  the  apertures 
are  obliterated  or  entirely  closed.  4.  Finally,  steaUmia^  especially 
as  it  occurs  on  the  scalp,  is  to  be  regarded  merely  as  a  colossal  se- 
baceous gland  distended  with  its  secretion ;  and  atheroma  and  me- 
liceris,  if  occurring  in  the  corium,  must  be  referred  to  the  same 
category. 

6.  The  acarus  folliculorum  residing  in  healthy  and  distended 
hair-sacs  and  sebaceous  glands,  has  been  shown.     (Fig.*  134.) 

6.  New  formations  of  sebaceous  glands  have  been  found  in  an 
ovarian  cyst  in  connection  with  hair.  Indeed,  they  may  probably 
occur  in  any  part  containing  new  formations  of  hair-sacs.  A  new 
development  of  sebaceous  glands  occurs  in  cicatrices  in  the  skin,  of 
some  years'  standing.  (  Von  Bdrensprung). 

IV.  Of  the  pathological  conditions  of  the  sweat-glands  but  little 
is  known.  In  elephantiasis  GrsBCorum  they  become  hypertrophied; 
while  they  are  atrophied  in  case  of  corns,  and  the  sweat-duct  dis- 
appears in  the  outer  layer  of  the  cuticle. 

New  formations  of  sweat-ducts  occur  in  connection  with  those  of 
hair  and  sebaceous  glands,  as  in  ovarian  cysts;  and  in  Mohr^s  case 
of  a  large  cavity  in  the  lung  lined  by  a  membrane  in  all  its  ele- 
ments like  the  skin  (with  a  subcutaneous  areolar  tissue  under  it), 
and  on  which  hairs,  sebaceous  follicles,  and  papillad  were  deve< 
loped. 

II.  The  Mucous  Membranes. 

Mucous  membranes  line  the  cavities  opening  externally,  and,  like 
the  skin,  consist  of  a  corium,  a  basement-membrane,  and  an  epithe 
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lium.  The  baaement-membrane  is  like  that  of  the  skin.  The 
oorium  is  also  composed  of  collagenous  and  elastic  tissue,  contains 
vessels,  nerves,  smooth  muscular  fibres,  glands,  papillae,  and  other 
peculiar  processes  (villi).  Beneath  the  corium  there  is,  in  most 
parts,  a  layer  of  submucous  areolar  tissue.  The  development  an<} 
regeneration  of  mucous  membranes  also  resemble  those  of  the  skip 
80  nearly  as  not  to  demand  a  separate  consideration. 

The  mucous  membranes  present  marked  differences  in  structure 
in  different  situations.  They  will,  therefore,  be  described  separately, 
in  connection  with  the  other  structural  elements  of  the  organs,  re- 
spectively, of  which  they  form  a  part,  viz: — 

1.  In  the  Alimentary  Canal. 

2.  "      Urinary  Apparatus. 

3.  "      Genital  Apparatus. 

4.  "      Air-passages. 

Functions  of  the  Mucous  Membranes. 

All  the  mucous  membranes  are,  1,  protective  of  the  passages  lined 
by  them ;  2,  they  secrete  mucus,  of  different  kinds  in  different  parts 
(p.  195);  3,  they  absorb  also  in  certain  parts;  e.  g,  the  villi  of  the 
SDoalL  intestine,  &c. ;  4,  they  constitute  an  aerating  surface  to  some 
extent  {e,g,  in  air-passages);  5,  some  portions  of  these  membranes 
manifest  the  sense  of  touch  also  (lips,  genital  organs,  &c.). 

Pathological  States  of  the  Mucous  Membranes. 

1.  Atrophy  of  mucous  membrane  is  rare  {JEngel);  but  is  seen  in 
the  alimentary  canal  of  the  aged.  Here  the  gastric  mucous  mem- 
brane becomes  less  plicated  and  smoother ;  while  the  peptic  glands 
are  diminished  in  number.  In  the  duodenum,  Brunner's  glands 
become  atrophied,  and  the  villi  of  the  small  intestine  become  clouded 
from  the  apex  towards  the  base,  pigmented,  lessened  in  size  (espe- 
cially transversely),  and  even  in  number  also.  The  valvules  conni- 
ventea  are  also  less  prominent,  and  the  Peyerian  and  solitary  glands 
collapse;  their  situation  being  indicated  merely  by  a  pigmented 
border. 

2.  Inflammatory  exudatiqns  on  the  mucous  membranes  (except 
the  mouth,  oesophagus,  vagina,  and  palpebrse),  generally  at  once 
detach  the  epithelium ;  and,  therefore,  no  vesicles  form  upon  them, 
except  in  the  parts  mentioned.  Thus,  the  exudation  may  be  at 
once  examined.  It  is  also  not  so  generally  circumscribed,  as  in  the 
case  of  the  skin ;  and  the  submucous  tissue  and  the  glands  it  con- 
tains are  very  frequently  involved.  Hence  the  membrane  becomes 
thickened  and  swollen.    Extravasation  of  blood  is  also  more  liable 
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to  occur  from  the  weaker  vessels;  and  hence  ecchymoses  are  very 
common.  The  polypi,  so  called,  of  the  stomach,  are  merely  groups 
of  peptic  glands,  rendered  prominent  by  an  exudation  aeposited 
around  them. 

8.  The  thinness  of  the  corium  of  the  mucous  membrane  accounts 
for  its  tendency  to  losses  of  substance  by  ulceration;  the  bottoms 
of  which  are  covered  by  various  products  (exudation).  The  latter 
sometimes  rise  like  a  plug  above  the  level  of  the  membrane  (as  in 
typhoid  fever).  Vegetable  parasites  are  also  frequently  developed 
in  exudations  on  mucous  membranes. 

III.  The  Serous  Membranes. 

The  true  serous  membranes  are  the  peritoneum,  the  pleura,  the 
tunica  vaginalis  testis,  and  the  pericardium.  All  these  have  a  sim- 
ple scaly  epithelium  (p.  238,  and  Fig.  140),  generally  a  thinner 
corium  than  the  mucous  membrane,  and  which  presents  neither 
papillae  nor  glands;  and  constitute  closed  cavities,  moistened  by  the 
secretion  of  their  epithelial  cells,  and  an  accompanying  transudation 
(pp.  180 — 1).  They  will  be  described  in  connection  with  the  parts 
and  organs  into  the  structure  of  which  they  respectively  enter. 
The  tunica  vaginalis  is  originally  an  ofi&et  from  the  peritoneum. 

The  8yno\nal  membranes  are  often  called  serous  membranes;  as 
are  also  the  bursas  mucosae  and  the  vaginal  sheaths  of  tendons.  It 
has,  however,  been  shown  that  histologically  they  are  not  such, 
since  they  do  not  form  closed  cavities  (p.  344,  and  Fig.  233).  The 
arachnoid  also  has  but  a  single  layer  (p.  469)  and  the  ependyma  of 
the  ventricles  has  not  everywhere  a  corium  (p.  469).  The  arach- 
noid, however,  normally  presents  villi;  which,  becoming  enlarged, 
constitute  the  Pacchionian  bodies. 

Function  of  Serous  Membranes, 

The  serous  membranes  proper,  merely  subserve  the  mechanical 
purpose  of  facilitating  motion  of  one  part  on  another,  and  diminish- 
ing friction ;  both  by  the  smoothness  of  their  surface  and  the  secre- 
tion they  produce  (p.  Ibl). 

An  abnormal  accumulation  of  the  natural  secretion  of  the  serous 
membranes  in  their  cavities,  constitutes  the  various  forms  of  dropsy; 
e.g.  in  the  pleural  cavity,  hydrothorax;  in  the  peritoneal,  ascites;  in 
the  tunica  vaginalis,  hydrocele;  and  in  the  pericardium,  hydt-ops pe- 
ricardii. An  exudation  upon  the  pleura  becoming  degenerated  into 
J)us,  constitutes  empyema.  The  conversion  of  exudations  into  new 
brmatipns  is  explained  under  the  next  head. 
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lY.  False  Membranes. 

This  expression  is  a  very  objectionable  one;  since  it  may  either 
mean  merely  a  coagulated  exudation,  spread  upon  a  surface,  like  a 
membrane,  or  the  same  exudation  after  it  has  become  organized.  E. 
g.  the  merely  fibrillated  and  never  vascular  exudation  of  croup,  is 
termed  a  false  membrane,  as  well  as  the  highly  vascular  membrani- 
form  formation,  so  common  on  the  surface  of  the  pleura  in  conse- 
quence of  inflammation  of  this  membrane.  The  former  should  be 
called  merely  a  coagulated  exudation;  while  the  latter  may  be  termed 
9l  false  membrane^  if  we  intend  by  this  expression  to  indicate  the  fact 
shown  by  the  microscope,  that  these  formations  are  not  (histologi- 
cally) membranes,  though  they  sometimes,  from  their  form,  appear 
y}  the  unaided  eye  to  be  such. 

False  membranes  are,  therefore  (if  the  term  is  to  be  retained), 
more  or  less  organized  exudations  <f  plasma^  and  are  developed  espe- 
cially upon  serous  membranes  (p.  188,  2).  They,  however,  present 
all  grades  of  development  and  vascularity,  according  to  the  time 
elapsing  since  the  occurrence  of  exudation.  When  fully  formed, 
they  consist  of  a  layer  of  imperfectly  developed  areolar  tissue,  con- 
taining a  vascular  network,  and  sometimes  even  nerves  also,  and 
lymphatics.  C!onsequently,  they  are  really  mere  new  formations  of 
areolar  tissue. 

False  membranes  being  anew  formation  are  prone  to  involution, 
and  ultimately  may  entirely  disappear.  Fatty  degeneration  in  them 
18  very  common.  They  are  also  frequently  the  seat  of  pathological 
epigeneses,  especially  of  tubercle. 

The  hands  and  adhesions  so  freauently  resulting  from  pleuritis 
and  peritonitis,  are  histologically  identical  with  false  membrane^; 
being  also  new  formations  of  areolar  tissue. 

New  membranes  are  sometimes  formed  to  cover  the  surface  of  per- 
manent adventitious  cavities;  e.  g.  the  membrane  lining  cavities  in 
the  lung,  formed  by  the  removal  of  a  mass  of  tuberculous  depo- 
sit, &c. 

A  new  formation  of  epithelium  occurs  in  many  pathological  cysts; 
of  the  internal  surface  of  which  the  new  formation  constitutes  the 
lining. 
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CHAPTER   XII. 


THE  VASCULAR  SYSTEM. 


The  vascular  system  consists  of  the  heart,  the  bloodvessels,  and 
the  lymphatic  vessels. 

I.  The  Heart. 

The  heart  is  a  thick  muscular  organ,  divided  into  four  cavitiesi 
covered  externally  by  a  serous  membrane — the  pericardium — and 
lined  internally  by  the  endocardium^  a  continuation  of  the  inner 
tunic  of  the  large  vessels. 

The  pericardium  presents  two  layers;  the  outer  (sero-fibrous  layer) 
being  much  the  thicker,  and  fibrous  in  its  external  portion.  The 
inner  layer,  much  thinner,  is  very  intimately  attached  to  the  muscu- 
lar fibres  of  the  heart,  except  over  the  sulci  containing  the  vessels 
and  nerves,  where  it  is  separated  by  common  adipose  tissue.  Some- 
times, however,  the  fatty  sub-serous  layer  extends  almost  over  the 
whole  heart.  The  scaly  epithelium  of  the  pericardium  contains 
one  or  two  layers  of  cells,  and  presents  no  peculiarities.  But  few 
lymphatics  exist  on  the  outer  layer,  while  they  are  more  abundant 
in  the  muscular  substance  of  the  heart.  Subdivisions  of  the  dia- 
phragmatic and  recurrent  laryngeal  nerves  have  been  demonstrated 
by  Luschka  in  the  outer  layer. 

The  muscular  fibres  of  the  heart  are  of  the  transversely  striated 
kind,  but  they  are  about  one-third  smaller  than  those  of  the  volun- 
tary muscles  (j^yViy  to  Y^Vxr  of  ^^  inch),  and  are  often  more  distinctly 
striated  in  the  longitudinal  than  the  transverse  direction.  They 
also  almost  always  contain  minute  fatty  granules,  arranged  in  a 
series  in  their  axes.  Their  myolemma  is  very  delicate,  and  often 
not  to  be  seen  at  all.  The  most  striking  peculiarity  is,  however, 
the  intimate  union  of  the  fibres;  they  being  everywhere  separated 
by  a  very  scanty  connective  tissue,  and  never  forming  manifestly 
distinct  fasciculi.  Besides,  anastomoses  of  the  fibres  exist  (Fig. 
330),  and  also  true  divisions. 

For  the  complex  course  of  the  fibres  of  the  heart,  we  refer  to  the 
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Fig.  330. 


worka  on  an&tomy.  The  musctilar  structures  of 
the  auricles  aad  ventricles  are  completely  distinct; 
both,  however,  originating  chiefly  from  the  oslea 
venoaa  of  the  ventricles,  where  the  so-called  fibro- 
cartilaginous rings  are  aituated. 

The  endocardium  is  a  whitish  membrane  cover- 
ing all  the  internal  surface  of  the  heart,  as  well  aa 
the  columnar  carneie,  the  chordie  tendinem,  and  the 
valves.  It  is  thickest  (j'g  of  an  inch)  in  the  Wt 
atiricle,  and  thinnest  in  the  ventricles.  It  consists 
of  two  layers:  lat,  a  scaly  epithelium  of  one  or 
two  layers  of  clear,  flattened,  nucleated  cells,  rest- 
ing, without  any  apparent  basement- membrane,  , 
apoD  the  surface  of,  2dly,  the  elastic  layer.  The 
latter,  determining  the  varying  thickness  of  the  endocardium,  has 
its  superficial  layer  made  up  of  very  fine,  longitudinal,  elastic 
fibres,  and  the  remainder  of  areolar  tissue,  with  scattered  nuclei. 
Id  the  auricles,  thi.'i  membrane  becomes  almost  entirely  an  elastic 
membrane,  and  is  therefore  quite  yellow.  It  is  very  delicate  over 
the  chordffi  tendineie.  Under  the  endocardium  lies  a  very  deli- 
cate stratum  of  areolar  tissue,  attaching  it  to  the  muscular  fibres. 
The  chordoe  leiulinea  are  composed  of  collagenous  tissue,  like  the 
tendons. 

The  auricuh-ventricular  valves  present   three   layers — a  middle 
one  of  areolar  tissue  with  numerous  elastic  networks,  and  two 
lamellae  of  the  endocardium.     Towards  their  free  borders,  these 
three  are  condensed,  as  it  were, 
into  a  single  layer  of  areolar  tis- 
sue and  elastic  networks, 
which  the  epithelium  is  contin- 
ued.    The  semilvnar  valves  pre- 
Bcnt  the  same  condition  as  the 
free  borders  of  the  preceding, 
(Fig.  831.) 

The  vcsmU  of  the  heart  present  only  the  following  peculiarities. 
The  capillaries  often  encompass  several  of  the  fibres  in  common,  on 
account  of  the  small  size  of  the  latter.  The  endocartlium  has  very 
few  vessels,  while  they  are  plentifully  distributetl  to  the  subjacent 
layer  of  areolar  tissue.  A  few  vessels  are  seen  in  the  auriculo- 
ventricular  valves,  but  never  exist  in  the  semilunar.     Lymphatics 
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exist  on  the  muscular  substaace  of  the  heart  beneath  tbe  pwieiT- 
diutn;  but  wbelher  they  are  present  in  ita  substance  and  in  tbe 
pericardium,  is  not  determined.  The  nen-es  (from  the  pneumo- 
gastric  and  sympathetic)  contain,  except  the  largest,  only  pale  and 
fine  fibres.  Ganglia  also  exist  in  the  substance  of  the  heart.  Dr. 
Lee,  of  London,  however,  mistook  for  ganglia  mere  thickeninj 
the  perineuria.  {KiiUiker)  How  the  aerve-fibres  terminal 
unknown. 

IL  Ths  Bloodvessels. 

The  bloodvesaels  are  divided  into  the  arteries,  the  capillaries, 
and  the  veins. 

A.    The  Arteries. 

The  arteries'  have  three  tunics,  the  external  (adveniititi),  the  middle 
(media),  and  the  internal  {intima).   (Fig.  332.)     Each  of  these  may. 
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however,  be  subdivided,  aa  will  be  seen.  In  general,  the  extemsl 
coat  consists  of  areolar  tissue;  the  middle  of  elastic  tissue,  with 
more  or  less  smooth  muscular  fibres  admixed;  and  the  internal  of 
an  elastic  network  (fenestrated  layer),  supporting  an  epithelium. 

1.  The  external  coat  of  the  [Uc)  larger  arteries  {above  2  or  3  lines 
in  diameter)  is  both  relatively  and  absolutely  thinner  than  in  the 
smaller — being  giotOjinofa  line — and  presents  the  same  alruC' 
ture  as  in  the  smaller  arteries  on  the  whole ;  it  being  composed  of 

'  Maanlng  "air-holders"  (p.  40R,  note);  Binoe  Ihe  nni^ient  anatoit 
thfti  thej  tutuJlj  uontaliied  Kir  ftfter  death. 
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areolar  tissue,  with  an  elastic  inuer  layer.  lu  the  i^dli/)  medium- 
sized  arteries  (}  of  a  line  to  2  or  3  I'lQes)  this  coat  is  thicker  tbao 
the  middle  coal,  being  ^{^  to  ^  of  an  inch  thick.  It  has  an  inner 
portion,  in  the  form  of  a  Laminated  elastic  membrane,  'm  the  largest 
urteries  of  this  class  (brachial,  femora.1,  jcc.).  The  external  portions 
of  the  external  coat  also  abound  in  elastic  fibres,  sometimes  pre- 
senting a  laminated  aspect.  Sdly.  In.  the  small  arteries  (less  than  | 
of  a  line  in  diameter),  the  external  tunic  is  merely  a  layer  of  areolar 
tissue,  as  thick  or  thicker  than  the  tunica  media.  In  arteries  t'o  of 
a  line  or  less  in  diameter,  however,  the  outer  coat  contains  no  elas- 
tic fibres,  but  only  collagenous  tia^ue  and  elongated  nuclei;  and 
which,  though  still  nucleated,  at  length,  towards  the  capillaries, 
become  homogeneous,  then  a  thin  simple  membrane,  and  finally, 
in  Tessela  under  y-i'se  of  an  inch,  disappear  altogether. 

Fig.  333. 
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2.  The  middle  coal  of  large  arteries  (Fig-  SiiS)  consists  of  pintes  of 
elastic  tissue,  of  collagenous  tissue,  fine  elastic  networks,  and  smooth 
muscular  fibres;  the  last  constituting  only  one-fourth  to  onu-third 
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of  ttie  whole  tunic,  and  being  in  a  merely  embryonic  state  of  Sc- 
velopment,  They  therefore  probably  manifest  but  little  contractile 
power.  Its  innermost  stratum,  the  annular  fibrous  layer,  contains 
the  peculiar  elastic  membranes  or  plates,  of  j-jn*])))  to  tsJod  of  an 
inch,  and  50  to  60  in  number,  regularly  alternating,  at  distances  of 
joVo  ^  SOB  "f  an  inch,  with  transverse  layers  of  smooth  muscular 
fibres,  pervaded  by  areolar  tissue.  These  plates  are,  however,  not 
mere  concentric  tubes,  but  are  connected  with  each  other,  and  with 
the  firm  elastic  network  pervading  the  muscular  tissue.  (Fig.  333.) 
In  the  middle  coat  of  the  medium-sized  arteries  the  elastic  plates 
just  described  are  absent,  and  the  smooth  muscular  fibres  are  far 
more  abundant ;  though  there  is  here  and  there  a  disposition  to  the 
formation  of  elastic  layers,  aUernating  with  the  muscular,  Its 
muscular  fibres,  therefore,  preponderate,  and  doubtless  manifest  a 
considerable  degree  of  contractile  force.  It  is  thinner  than  the 
external  coat. 

The  email  arteries  have  their  middle  coat  composed  exclusively 
of  smooth  muscular  fibres;  and  it  is  stronger  or  weaker,  according 
to  the  size  of  the  vessel,  down  to  ^Jo  of  an  inch.  In  vessels  of 
rio  to  g^o  of  on  inch,  they  are  stil!  united  into  lamellae  presenting 
two  or  three  layers,  and  a  thickness  of  j^'nu  to  ^  j'no  of  an  inch,  con- 
stituting the  anrmJar  Jihrcms  layer  next  the  inner  coat.  In  smaller 
vessels  it  has  but  a  single  layer  of  minute  fibres,  the  latter  becom- 
ing shorter  and  shorter  towards  the  capillaries,  In  arteries  of  joVs 
of  an  inch,  embryonic  forms  of  smooth  fibres  still  constitute  a  con- 
nected lamina  (Fig.  337,  b),  but  afterwnrds  they  are  gradually  sepa- 
rated from  each  other,  and  become  wholly  lost. 

3.  The  inner  tunic  of  all  the  arteries  consists  of  two  layers — the 
elastic  and  the  epithelial.  1.  The  elastic  (feneslraleii,  Henle)  layer 
is  merely  a  network  of  longitudinal  elastic  fibres,  resembling  tlu 
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dastic  UmelUe  of  the  middle  coat  of  the  large  arteriee.  The  eloo- 
gftted  fissures  betweeo  its  Hbres  prodace  ita  feneBtrated  appearance. 
(Fig.  S84.)  Id  the  largest  arteries  this  is  reinforced  exteniallj  by 
a  coarsely  fibrous  layer  of  elastic  tissue,  shown  by  Fig.  SS5. 

1.  In  the  iarge  arteries  the  feneatnUed  layer  is  thickened  inter- 
nally by  one  or  several  clear  layers — the  striped  InmeVa  {Henle)^ — 
appearing,  when  nucleated,  like  coalesced  epithelial  cells ;  and  when 
not  so,  homogeneous,  like  pale  elastic  membranes.  In  the  axillary 
and  popliteal  arteries,  smooth  muscular  fibres  have  also  been  found 
in  this  layer.  (Fig.  244.)  In  the  medium-sized  and  the  sTpall  arteries, 
the  fenestrated  layer,  or  elastic  stratum,  is  jstnv  <>f  ^n  inch  or  more 
thick,  and  smoothly  stretched  beneath  the  epithelium  during  life. 
Id  collapsed  arteries  it  presents  a  number  of  strong  folds,  and 
Riequentjy  also  fine  transverse  rugae.  It  may  be  traced  down  into 
vessels  only  -^^t,  of  an  inch  in  diameter;  but  cannot  be  regarded 
as  fully  developed  in  those  less  than  g^g  of  an  inch.  2.  The  «pt- 
theliat  layer  of  the  tunica  intima  consists  of  a  single  layer  of  flat- 
tened nucleated  cells.  These  in  the  large  arte- 
ries are  usually  shorter  than  in  the  smaller  ves-  ^s-  SSO. 
aels,  though  still  fusiform,  and  ,jh„  to  tiVd  of 
an  inch  long.  (Fig.  336.)  In  the  medium-sized 
and  small  arteries,  they  are  fusiform,  pale,  with 
long  oval  nuclei,  and  readily  separated  in  con- 
section,  in  fragments,  or  in  perfect  tubes.  The 
epithelium  may  be  traced  in  vessels  of  only 
Tg'ov  or  even  tVti  <>f  ^^  i°ch  in  diameter. 
Here,  however,  the  cells  cannot  be  isolated,  and 
its  presence  can  be  recognized  by  its  closely 
placed  elliptical  nuclei  alone. 

All  the  arteries  (and  the  veins),  above  J^  of 
an  inch  in  diameter,  have  nutritive  vessels  (vasa 
lAMorum), derived  from  minute  contiguous  arte- 
ries, forming  a  rich  capillary  network  in  the 
external  tunic,  and  which  extend  into  the  outer  portion  of  the  mid- 
dle coat  of  the  large  vessels,  but  not  to  its  inner  portion,  nor  to 
the  inner  coat  at  all.     Nerves  also,  both  sympathetic  and  spinal,  are 
distributed   to   many  arteries,   but  oflen   only   accompany   them. 


'  In  the  large  Te^ielx  the  itripod  lamella 
DtiDQoiw  with.tb))  epUbsUDm. 


«  flometlmeB  not  covered  hj,  bnt  an 
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When  they  enter  the  artery  they  cannot  be  traced  beyond  the  outer 
coat.  Many  arteries  are,  however,  without  nerves ;  e,  g.  those  of 
the  cerebral  and  spinal  substance,  of  the  choroid  plexus  and  the 
placenta,  as  well  as  many  arteries  of  muscles,  glands,  and  mem- 
branes. Of  the  vemSf  it  is  only  in  the  larger  that  a  few  fine  nerves 
can  be  demonstrated,  e.  g.  the  sinuses  of  the  dura  mater,  the  verte- 
bral canal,  the  vensd  cavse,  and  the  jugular,  iliac,  femoral,  and  he- 
patic veins.  These  also  are  both  spinal  and  sympathetic.  Luscbka 
thinks  they  terminate  in  the  inner  coat — a  point  not  yet  decided. 

B.  The  Capillaries. 

The  arteries  terminate  in  the  capillaries — vessels  always  inter- 
vening between'  the  former  and  the  veins ;  except  in  case  of  the 
corpora  cavernosa  penis,  and  of  the  placenta.  {Kolliker.) 

The  capillaries  are  everywhere  composed  of  a  single  layer  of 
simple  membrane  with  nuclei;  the  structural  transitions  of  the 
small  arteries  into  these  vessels  being  wholly  imperceptible.  (Fig. 
337,  B.) 

On  minute  examination,  the  structureless  membrane  is  sometimes 
transparent,  and  with  a  simple  contour;  at  others,  thicker  (Tiiii 


A.  A  capillary  vessel  from  the  gray  matter  of  the  hnman  brain  ;  a,  wall,  of  almple  membrane ;  6, 
naclens  of  the  wall ;  c,  red  blood-corpnscles.  b,  c.  Different  appearances  of  small  arteries  and 
Teins  of  the  human  pia-mater;  a,  a,  simple  membrane;  b,  b,  circular  fibres;  c,  e,  oval  nuclei  ofiht 
internal  epithelium  here  about  to  cease  ;  d,  d,  transverse  indications  of  the  circular  flbras.  i>.  Ter- 
minal artery  from  the  mesentery  of  a  rabbit.    (Magnified  200  diameters.) 
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to  T3  vvTF  ^^  <^  inch),  and  bordered  by  a  double  line.  It  corresponds 
chemically  with  the  myolemma  of  the  striated  muscular  fibres;  is 
perfectly  smooth  on  both  sides,  and  tolerably  resistant  and  elastic, 
though  probably  not  contractile.  {Kolliker)  The  nuclei  are  elon- 
gated, ^T^Vv  ^  t^jijs  ^^  &Q  i^c^  ^^  diameter,  and  usually  alternate 
on  opposite  sides  of  the  vessel,  though  rarely  in  contact  with  each 
other.  When  the  capillary  wall  is  thick  they  are  lodged  in  its 
substance,  though  sometimes  projecting  externally ;  when  thinner, 
they  are  situated  on  its  inner  side.    (Fig.  837.)    Their  diameter 

varies  from  j^Vv  to  a^nis  of  an  inch. 

The  union  of  the  capillaries  constitutes  a  capillary  plexus^  already 
described,  in  connection  with  the  different  tissues  and  organs.  As 
the  histological  eleTnenU  of  the  various  tissues  are  not  themselves 
penetrated  by  capillaries,  but  the  latter  are  merely  distributed 
among  the  former,  the  capillary  plexus  of  each  tissue  and  organ 
will  assume  a  form  more  or  less  peculiar.  Generally,  indeed,  a  tissue 
or  organ  may  be  at  once  recognized  by  its  capillary  network  alone. 
It  is  closest  in  the  secreting  organs  (especially  the  liver,  lungs, 
and  kidneys)  (Figs.  406, 376) ;  next  in  the  skin,  and  mucous  mem- 
branes (Figs.  822  and  863);  and  is  much  wider  in  organs  receiving 
blood  only  for  their  own  nutrition,  as  the  muscles,  nerves,  organs 
of  sense,  serous  membranes,  tendons,  and  bones.  (Figs.  266, 176,  &c.) 
The  muscles  and  the  gray  nerve-substance  are,  however,  more 
abundantly  supplied  than  the  other  parts  just  mentioned.  Their 
diameter  also  varies  directly  with  the  closeness  of  the  plexus;  it 
being  j^j^jj^y  to  3^,^  of  an  inch  in  the  glands,  ^^js  to  j^Vif  '^^  the 
skin  and  mucous  membranes,  and  thinnest  and  smallest  (sq^^i^  to 
Yo'viF  of  an  inch)  in  the  nerves,  muscles,  retina,  and  the  patches  of 
Peyer.  In  the  compact  bone  structure,  however,  though  no  longer 
having,  in  all  respects,  the  structure  of  capillaries,  they  attain  to 
the  diameter  of  j^^i^  to  jj^^  of  an  inch  (p.  837,  2). 

On  tracing  the  capillaries  towards  the  arteries,  the  nuclei  become 
more  closely  placed,  and  a  structureless  tunica  adventiiia^  and  soli- 
tary muscular  cells,  appear  externally;  and  becoming  j^^^  of  an 
inch  in  diameter,  they  exhibit  the  aspect  of  the  finest  arteries. 
Afterwards  the  nuclei  seem  to  be  replaced  by  epithelium,  and  the 
membrane  of  the  capillary  either  ceases,  or  is  continuous  with  the 
fenestrated  layer  of  the  artery.    (Fig.  337,  B.) 

The  capillaries  merge  in  the  opposite  direction  into  the  veins  by 
less  characteristic  changes.     On  this  side  an  external  nucleated 
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layer  is  first  added  to  tlie  capillary  membrane,  and  which  gradually 
combines  with  the  latter,  while  the  nuclei  of  the  capillaries  become 
more  closely  approximated.  In  vessels  of  yj^iF  <>f  *^  inch,  they 
have  become  so  numerous  as  clearly  to  represent  the  epithelium, 
and  now  the  external  layer  has  received  also  the  addition  of  a  nu- 
cleated lamina,  the  tunica  adventitia^  and  the  vessel  has  become  a 
vein.  (Fig.  887,  0.) 
The  older  anatomists  have  also  assumed  the  existence  of  still 

■ 

finer  vessels  than  the  capillaries,  never  admitting  the  blood-corpus- 
cles, called  vasa  serosa;  and  recently  Hyrtl  has  admitted  their  ex- 
istence in  the  cornea.  If  any  such  vessels  exist  in  the  cornea,  they 
must  be  regarded  as  atrophied  capillaries;  the  latter  having  formed 
an  abundant  plexus  in  the  foetus.  It  cannot  be  admitted  that  such 
vessels  exist  in  the  adult  in  any  other  part,  at  any  rate  (p.  281). 
The  finest  capillaries  above-mentioned  have  a  less  diameter  than 
the  smallest  blood-corpuscles;  but  the  latter  easily  adapt  themselves 
by  their  extensibility  and  elasticity  to  traverse  the  former. 

0.  The  Veins, 

The  veins  also  present  three  tunics — ^the  adventitia  (external),  the 
media^  and  the  iniima  ;  and  may  also  be  divided  into  the  small,  the 
medium-sized,  and  the  large.  Their  walls  are  always  thinner  than 
those  of  the  arteries,  there  being  less  of  both  the  muscular  and 
the  elastic  element.  The  external  coat  is  usually  the  thickest  of 
the  three ;  its  relative  and  absolute  thickness  usually  increasing 
with  the  size  of  the  vessel.  The  inner  coat  is  often  not  thicker  in 
large  veins  than  in  those  of  medium  size. 

1.  The  smelliest  veins  may  be  said  to  consist  of  a  nucleated  indis- 
tinctly fibrous  or  homogeneous  areolar  tissue,  lined  by  a  scaly 
epithelium.  A  muscular  m^emhrane^  and  generally  a  layer  of  an- 
nular fibres  are  first  seen  in  veins  above  g  J^  of  an  inch  in  diameter; 
the  contractile  cells  being  at  first  oval,  placed  transversely  (Fig. 
387,  c),  and  widely  apart,  but  which  afterwards  become  longer  and 
more  numerous:  and,  finally,  in  vessels  of  xaViy  ^P  ^  xair  ^f  *^ 
inch,  constituting  a  continuous  layer,  but  always  less  developed  than 
the  middle  coat  of  the  small  arteries.  Afterwards,  elastic  networks 
gradually  make  their  appearance  in  this  muscular  layer,  and  in  the 
external  coat;  the  muscular  layers  also  multiplying,  and  admitting 
areolar  tissue  among  their  elements. 
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2.  The  medium-sized  veins  (1  to  'd  lines  in  diameter)  have  an  ex- 
ternal tunic  almost  always  thicker  than  the 
middle  coat,  often  twice  as  thick,  though  rate-  ^^'  ^^' 

ly  as  strong.     It  ia  composed  of  areolar  tissue, 
except  in  some  visceral  veins  whose  trunks 
contain  longitudinal  muscular  fibres,  and  into 
whose  branches  also  the  muscular  elements 
extend  for  some  distance. — The  middk  coat 
has  a  considerable  development  of  the  annuhr 
Jiirous  layer,  of  a  yellowish-red  color,  as  in  the 
arteries.     It,  however,  is  never  more  than  ^tg   i 
to  r^T  of  a"  i"cb  thick.     Unlike  that  of  the   ' 
arteries,  it  consists  of  longitudinal  ns  well  as   i 
transverse  layera.    (Fig.  338.)  """  ™»«U"^«i""  iy«. 

The  latter  are  composed  of  undeveloped  ixabni.  d  TruMTcnauai- 
areolar  tissue  and  a  large  amount  of  smooth  ",1','JVMwork  diipoM/in « 
muscular  fibres.  In  the  popliteal,  saphena  i»«iin»i«ani«nDer. /.  tooi™ 
major  and  minor,  and  the  profunda  femoris  „*»«.  iKaiorr.) 
vein,  there  is  a  transverse  layer  of  mnscular 
fibres  with  areolar  tissue,  immediately  in  contact  with  the  tunica 
mtima,  external  to  which  Ls  a  regular  alternation  of  longitudinal 
elastic  membranes  and  transverse  muscular  fibres;  so  that  the  mid- 
dle coat  presents  a  laminated  aspect  somewhat  like  that  of  the 
lai^est  arteries.  There  are  from  five  to  ten  of  these  elastic  lamiufe ; 
their  interspaces  being  from  ,^j,j,  to  tj'on  of  an  inch, — The  inner 
coat  of  the  medium-sized  veins  is  x^'go  to  j^^  of  an  inch  thick. 
Where  it  is  thinnest,  it  consists  of  an  elastic  longitudinal  mem- 
brane, corresponding  to  the  fenestrated  membrane  of  the  arteries, 
and  a  striated  nucleated  lamella  within  it,  and  an  epithelium  with 
shorter,  though  elongated  cells.  When  the  tunica  iutimn  is  thicker, 
the  striated  lamellte  are  multiplied,  and  one  or  ai^veral  additional 
networks  of  fine  elastic  fibres  appear  on  the  inner  surface  of  the  lat- 
ter, forming  the  limitary  portion  of  the  inner  coat.  Muscular  fibres 
also  have  been  seen  in  the  inner  coat  of  the  veins  of  the  gravid 
aterus,  in  the  saphena  major,  and  the  popliteal  vein,  (KbHiker.) 

S.  In  the  largest  veins  the  external  coat  is  almost  invariably  nearly 
twice  as  thick  as  the  middle,  and  sometimes  five  times  as  thick,  and 
also  contains  a  conaiderable  amount  of  longitudinal  smooth  muscu- 
lar fibres.  (Fig.  243.)  These  are  very  distinct  in  the  hepatic  portion 
of  the  inferior  vena  cava  {Bernard),  constituting  a  network  pervading 
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the  inuer  half,  or  two-thirds  of  the  external  coat,  which  rests  upon  the 
tunica  intima  directly,  and  may  become  ^y  of  an  inch  thick.  Kol- 
liker  found  these  longitudinal  bundles  extending  through  the  entire 
thickness  of  the  external  coat  in  the  renal  veins  and  the  vena  portsB; 
and  very  well  developed  also  in  the  trunks  of  the  hepatic  veins, 
the  remaining  portions  of  the  vena  cavse,  and  to  the  splenic,  supe- 
rior mesenteric,  and  external  iliac  veins.  All  the  large  veins  open- 
ing into  the  heart,  are  famished  for  a  short  distance  also  with  an 
external  annular  layer  of  striated  muscular  fibres^  like  those  of  the 
heart  itself,  and  some  of  them  also  presenting  anastomoses.  They 
extend  in  the  superior  vena  cav»  to  the  subclavian  vein ;  and  may 
be  found  in  the  main  branches  of  the  pulmonary  veins.  {Rduschel) 

The  tunica  media  of  the  large  veins  is  sparingly  developed,  and 
^specially  its  muscular  elements,  which  are,  however,  often  abund- 
ant in  the  external  coat,  as  has  just  been  stated.  It  is  usually  ^i^ 
to  ijixy  of  an  inch  thick;  but  may  be  ^\jf  to  jj^  of  an  inch  (at  the 
orifices  of  the  hepatic  veins),  or  may  be  wholly  wanting;  as  in  the 
greater  part  of  the  vena  cava  in  the  liver,  and  the  trunks  of  the 
hepatic  veins.  Its  longitudinal  elastic  networks  are  intimately  con- 
nected together,  and  less  distinctly  laminated  than  in  the  medium- 
sized  veins,  or  not  at  all  so.  The  transverse  muscular  fibres  are 
also  scanty  and  less  distinct;  being  most  developed  in  the  splenic 
vein  and  vena  portae.  The  tunica  intima  is  usually  jj^^  of  an  inch, 
when  it  presents  the  same  conditions  as  in  the  medium-sized  veins. 
Rarely,  as  in  the  vena  cava  inferior,  the  trunk  of  the  hepatic,  and 
in  the  vena  innominata,  it  is  ^^^  to  ^^^  of  an  inch  thick;  this  in- 
crease of  thickness  being  due  to  striped  lamellce  with  nuclei,  and 
fine  elastic  longitudinal  networks,  and  never  to  lamellae  composed 
of  muscular  fibres. 

In  the  veins  of  the  gravid  uterus  the  muscular  element  is  exclu- 
sively developed;  it  existing  in  all  three  of  their  tunics.  It  is  en- 
tirely wanting,  1,  in  the  veins  of  the  maternal  portion  of  the  pla- 
centa; 2,  in  most  of  the  veins  of  the  cerebral  substance  and  of  the 
pia  mater;  3,  in  the  sinuses  of  the  dura  mater,  and  the  veins  of 
Breschet  in  the  bones  (which  have  merely  a  layer  of  collagenous 
tissue  external  to  a  scaly  epithelium);  4,  in  the  sinuses  of  the  cor- 
pora cavernosa ;  and  5,  in  the  veins  of  the  retina. 

The  valves  of  the  veins  are  projections  of  the  middle  and  internal 
tunics.  Muscular  fibres  have  been  found  by  Wahlgren  in  the 
larger  valves. 
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III.  The  Lymphatic  Vessels  and  Glands. 

The  lymphatic  vessels  correspond  so  closely  in  structure  with 
the  small  veins,  as  to  require  but  a  brief  description. 

The  finest  {capillary)  lymphatics  have  been  seen  with  certainty 
only  in  the  small  intestine,  the  mucous  membrane  of  the  trachea, 
and  the  tail  of  the  tadpole.  They  have  a  wall  of  simple  membrane 
without  distinct  nuclei,  and  a  diameter  of  ^^'^^  to  jj'ju  of  an  inch. 
(Fig.  839.)  How  these  are  changed  into  the  larger  lymphatic  ves- 
sels (Fig.  841,  B  and  c),  is  unknown.     Of  the  latter,  the  smallest 


Fig.  339. 


Capillary  lympluttie  trom  the  tail  of  the  tadiK>le.  a.  Simple  nembraDe.  b.  ProceM  formed  hj  it. 
«.  Bemalni  of  the  content!  of  tlie  eell  forming  theee  roMels,  In  whieh  nuclei  are  concealed,  d.  Ora- 
nnlee,  forminf  ljmph<orpnacle«.  «.  Cceeal  termination  of  the  Teaeeli.  /.  One  of  the  terminationt, 
■till  pretty  distinctly  recogniiable  aa  a  formatire  eeU.  g.  Iiolated  formatire  cells  about  to  join 
with  the  aetnal  reiaeU.  (KVlUker.) 


are  riv  to  y,  of  an  inch,  the  larger  1  to  1^  lines.  The  last  present 
8  coats.  The  eaUemal  coat  contains  longitudinal  smooth  muscular 
fiisciculi.  The  middle  coat  is  composed  of  transverse  muscular, 
and  fine  elastic  fibres.  The  tunica  intima  consists  of  a  single,  and 
rarely  double,  elastic  reticulated  membrane,  and  an  epithelium  of 
elongated,  though  still  rather  short,  cells.    (Fig.  142.) 

The  thoracic  duct  has  striped  lamell»  between  the  epithelium  and 
the  elastic  reticulated  membrane,  though  the  whole  inner  coat 
scarcely  measures  ^^jf  to  t^Vv  ^^  &^  i^^b-  ^^^  middle  coat  (^1^ 
of  an  inch  thick)  contains  a  transverse  muscular  layer  and  areolar 
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Fig.  340. 


tissue.     (Fig.  340.)     The  outer  coat  is  composed  ot 
a,nil  longitudinal  fasciculi  of  smooth  muscular  fibres. 

The  valves  of  the  duct,  and  of  the  lym- 
phatics generally,  correspond  with  those 
of  the  veina.  The  vaae/s  present  the  same 
conditions  in  the  duct,  as  those  of  the 
veina.  ICo  nerves  have  yet  been  found  in 
the  lymphatics. 

The  lymphatic  glands  present  a  thin,  fine 
sheath  of  areolar  tissue  inclosing  a  soft 
whitiah-red  parenchyma,  in  which  a  fi- 
brous portion,  a  soft  pulp,  and  bloodves- 
sels are  seen.  1.  The  fibrous  portion  us 
areolar  tissue  proceeding  from  the  sheath, 
and  taking  the  form  of  many  lamells;^ 
constitutes  an  elegant  areolated  etruol 
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perYading  the  entire  gland,  all  of  whose  rounded  spaces,  ^f^  to  -f^ 
of  an  inch  wide,  communicate  freely.  2.  The  grayish-white  alka- 
line pulp  filling  them,  agrees,  in  almost  all  respects,  with  that  in  the 
follicles  of  Peyer.  (Fig.  860).  8.  Vessels  also  enter  theise  spaces 
and  form  a  fine  Yascular  network  as  in  the  follicles  just  mentioned. 
(Fig.  841,  A.) 

The  lymphatic  glands  are,  therefore,  not  mere  conYolutions  of 
the  lymphatic  ycsscIs;  but  distinct  and  independent  structures,  in 
the  areolae  {alveoUy  KoUiker)  of  which  the  vasa  afferentia  terminate, 
and  the  effererUia  commence.  The  cells  contained  in  the  pulp 
aeem  identical  with  the  lymph-  (cytoid)  corpuscles  of  the  blood ;  and 
a  portion  of  the  latter  may,  perhaps,  be  developed  here.  The  vasa 
afferentia  lose  their  muscular  layer  as  they  enter  the  gland,  and 
enter  the  alveoli  with  only  a  layer  of  areolar  tissue  and  an  epithe- 
lium. Nervous  filaments  composed  of  fine  fibres  enter  the  glands 
with  the  vessels,  and  disappear  in  their  interior. 

The  most  common  degeneration  of  the  lymphatic  glands  is  pro- 
duced by  the  extravasation  of  blood  into  the  alveoli,  leading  to 
deposits  of  quite  dark  pigmentary  matter  (as  in  the  bronchial 
glands).  The  sheaths,  or  internal  septa,  are  also  liable  to  become 
thickened,  and  fatty  deposits  to  occur  in  the  bloodvessels.  Hyper- 
trophy of  all  their  elements  may  also  occur,  and  tuberculous  and 
cancerous  deposits. 

Functions  of  the  Vascular  System. 

For  the  precise  role  of  each  part  of  the  blood-vascular  system  in 
aecuring  the  circulation  of  the  blood,  and  for  the  action  of  the 
lymphatics,  reference  must  be  had  to  the  works  on  physiology. 
The  blood  and  lymph  (and  chyle)  have  already  been  described  at 
length  (p.  147-79). 

Development  of  the  Vascular  System. 

1.  The  rudiments  of  the  heart,  arteries,  and  veins  are  alike  solid 
tracts  of  cells,  of  greater  or  less  thickness ;  which,  by  a  liquefaction 
internally,  and  a  transformation  of  the  central  cells  into  blood-cor- 
puscles, become  cavities  and  continuous  passages  for  the  blood. 
The  heart  manifests  contractions  while  still  in  the  form  of  a  cellular 
tube;  and  subsequently  the  cells  occupying  the  walls  elongate  into 
the  muscular  and  other  fibres.  At  the  same  time,  the  vessels  be- 
come thicker,  and  increase  in  circumference,  at  first  by  an  augmen- 
tation of  the  number  of  the  cells;  atlerwards  chiefly,  if  not  solely. 
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Fig.  342. 


by  their  growth  in  length  and  thickness.  In  the  fifth  month  of 
foetal  life,  all  the  larger  and  medium-sized  vessels  are  formed  with 
their  coats  and  tissues,  and  no  vestige  of  the  formative  cells  remuns. 
The  tissues  are,  however,  still  incomplete,  the  muscular  fibres  being 
short  and  delicate,  and  there  being  only  layers  of  slightly  coalescent 
fusiform  cells,  instead  of  the  elastic  membranes  subsequently  to 
appear. 

2.  The  capillaries  are  developed  in  an  entirely  different  manner 
from  the  preceding,  since  they  are  formed  by  the  coalescence  of  single 

cells.    These  are  first  arranged  in 
a  line,  then  the  contiguous  cell- 
walls  are  absorbed,  with  their  con- 
tents, but  not  their  nuclei,  which 
still  appear,  therefore,  in  the  wall 
of  the  capillary  vessel.     Delicate 
pointed  processes  then  project  from 
the  walls  of  these  little   vessel 
which  rapidly  elongate,  and  coa- 
lesce with  sindlar  processes  of  stel- 
late cells  dispersed  in  the  surround- 
ing tissue.    The  other  processes  of 
these  stellate  cells  also  unite,  and 
thus  a  network  of  stellate  cells, 
continuous  with  the  already  formed 
capillaries,  is  produced.    The  pass- 
ages in  this  network  are  at  first 
very  minute  and  irregular,  and  do 
not    admit   the   blood-corpuscles; 
but  they  rapidly  enlarge,  and  be- 
come true  capillaries.     (Fig.  842.) 
New  connections  are  also  frequent- 
ly formed  between  already  pervious 
capillaries,  by  the  direct  meeting  of 
prolongations  from  them,  and  by 
the  mutual  connection   of  forma- 
tive cells  lodged  in  their  interstices. 
8,  The  capillary  lymphatics  exhi- 
bit essentially  the  mode  of  develop- 
ment just  described;  except  that 
anastomoses  are  rare  in  them,  and 


Formation  of  capillariea  ia  tail  of  taApole. 
CI,  a.  Capillaries  permeable  to  blood,  fr,  b.  Fat- 
grannlea  attAched  to  the  walla  of  the  veeaels, 
and  concealing  the  nuclei,  c.  Hollow  pro- 
longation of  a  capillary  ending  in  a  point,  d. 
A  branching  cell  with  nucleus  and  fat-gran- 
nlee,  communicating  by  three  branches  with 
capillaries  already  formed,  e.  filood-corpns- 
des  still  eoataia^g  granules  ef  Cat 
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Fig.  343. 


its  course  is  limited  to  the  mutual  apposition  of  fusiform  cells,  or 
of  those  furnished  with  three  principal  processes. 

Pathological  Conditions  and  New  Formations  of  the  Vessels. 

The  larger  arteries  are  liable — 1.  To  atheromatous  deposits  (p.  812); 
these  occurring  in  the  annular  fibrous  layer  {i,  e.  next  external  to 
the  fenestrated).  (Figs.  198  and  199.)  It  appears  to  be  due  to  im- 
I>erfect  nutrition  by  the  vasa  vasorum  ( Wedl)^  and  is  therefore  one 
form  of  atrophy.  The  arterial  wall  becomes  weaker  in  proportion 
to  the  accumulation  of  the  fat;  and,  becoming  dilated,  an  aneurism 
is  very  often  produced.  2.  By  the  collapse  of  their  walls  (as  by 
pressure,  ligature,  &c.),  the  arteries  become  transformed  into  liga- 
mentous cords,  and  finally  into  mere  fibrils  of  collagenous  tissue, 
covered  with  a  finely  granular  substance. 

8.  The  veins  undergo  essentially  the  same  changes  in  atrophy, 
and  varix  is  the  consequence.    The  depo- 
sit is  usually  a  finely  granular  pigment- 
substance.     This  change  also  occurs  in 
their  valves. 

4.  The  capillaries  are  liable  to  a  fatty 
degeneration  of  their  walls;  fatty  gran- 
ules and  minute  oil-drops  being  deposit- 
ed in  them,  especially  around  the  nuclei. 

Fig.  843.)    The  minute  arteries  also  un- 

ergo  a  similar  change,  especially  in  the 
brain  of  apoplectic  persons;  and  which 
leads  to  rupture,  ana  the  hemorrhage  in 
which  the  apoplexy  consists. 

5.  Pathological  new  formations  of  vessels 
occur  in  two  ways:  1st,  by  extension  from 
pre-existing  vessels;  and,  2c//y,  by  inde- 
pendent development  in  exudations  un- 

<lergoing  organization.   In  the  latter  case,  __ 

the  processes  of  various  stellate  cells  meet,  tedei  and  aipiiuries  of  thebniru. 
the  dissepiments  are  absorbed,  and  a  net-    »«  ^hite  softening.  iiam<-roa«  mi- 

WOrk   of  vessels   is  produced,  of  unequal     »»teoil^obnl.j.ar*««na«reg«ted 
,.  .  r  n  along  their  walla. 

dimensions,  since  the  processes  are  lar 

slenderer  than  the  bodies  of  the  cells.  Finally,  however,  the  diame- 
ter becomes  uniform  throughout  the  plexus,  and  is  usually  greater 
than  that  of  the  capillaries  of  normal  tissue.  Subseauently,  also, 
blood-corpuscles  are  developed  in  the  plasma  containea  in  the  new- 
formed  vessels;  but  which  cannot  pass  into  the  general  circulation 
till  a  communication  is  established  with  it  by  them. 


s 


Fatt7  degeneration  of  minute  ar- 
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CHAPTER   XIII. 

STRUCTURE   OF  THE   ALIMENTARY   CANAL  AND  ITS 

APPENDAGES. 

The  alimentary  canal  is  a  tube  commencing  with  the  mouth,  or 
oral  cavity,  and  ending  at  the  anus.  It  is  divided  into — Ist^  the 
supra-diaphragmatic  portion,  consisting  of  the  oral  cavity,  the  pha- 
rynx, and  the  oesophagus ;  and,  2dlr/,  the  infra-diaphragmatic  por- 
tion, including  the  stomach,  small  intestine,  and  large  intestine. 
Underneath  the  mucous  membrane  is,  in  most  parts,  a  layer  of  sub- 
mucous areolar  tissue;  and  externally  to  this,  two  layers  of  smooth 
muscular  fibres:  except  in  the  oral  cavity,  the  pharynx,  and  the 
upper  portion  of  the  oesophagus,  where  striated  fibres  are  found 
instead  of  the  former.  The  external  layers  (areolar  and  muscular) 
present  no  peculiarities  of  structure,  except  such  as  will  be  men- 
tioned in  connection  with  that  of  the  mucous  membrane  of  the 
several  portions  just  mentioned.  But  the  latter  presents  marked 
variations  in  its  diflerent  portions,  and  will  be  particularly  described. 
The  appendages  to  be  described  in  this  chapter  are  the  liver  and  the 
pancreas.  The  spleen  will  be  described  in  the  chapter  upon  the 
blood- vascular  glands. 

1.  Mucous  Membrane  of  the  Oral  Cavity, 

The  einthelium  of  the  oral  mucous  membrane  is  of  the  com- 
pound scaly  variety,  and  is  continuous  with  the  cuticle  and  stratum 
Malpighii  of  the  skin  at  the  margins  of  the  lips.  It  is  not,  how- 
ever, distinctly  divisible  into  the  two  layers  just  mentioned ;  but 
resembles  the  stratum  Malpighii  of  the  skin,  with  the  undermost 
laminae  of  the  cuticle.  It  undergoes  certain  modifications  upon  the 
papillae  of  the  tongue,  hereafter  to  be  described.  Unlike  the  cuticle, 
the  oral  epithelium  is  easily  permeated  by  fluids;  and  also  from 
within  outwards,  by  plasma  passing  from  the  vessels  of  the  mucous 
membrane  into  the  mouth. 

The  corium  of  the  oral  mucous  membrane,  though  continuous 
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with  that  of  the  skin  at  the  border  of  the  lips,  is  more  transpa- 
rent, soft,  and  extensible,  but  possesses  considerable  firmness.  It 
consists,  like  the  thinnest  portions  of  the  latter,  of  a  single  layer, 
formed  of  collagenous  tissue  with  elastic  fibres;  presenting  a  great 
number  of  papillie,  like  those  of  the  skin,  on  its  outer  surface — 
generally  simple,  but  sometimes  double,  or  even  multiple,  and 
standing  so  close  together  that  their  bases  are  nearly  in  contact, 
and  rarely  more  than  their  own  breadth  apart.  They  average  yj^ 
to  8<8  of  an  inch  in  length,  and  b&o  to  ^Ji^  of  an  inch  in  breadth. 
They  consist  of  a  slightly  granular  homogeneous  substance. 

The  papilla)  upon  the  upper  surface  of  the  tongue  demand  a 
particular  description.  The  corium  is  also  here  attached  directly 
and  closely  to  the  subjacent  muscular  tissue,  by  a  dense  layer  of 
collagenous  tissue.  The  lingual  papillae  are  of  three  kinds:  the 
papilla)  circujnvallatce^  the  fungiformts^  and  the  filiformes^  or  conicce. 
All  these  project  freely ;  but  there  are  also  other  smaller  ones,  com- 
pletely buried  in  the  epithelium,  over  the  whole  gustatory  region 
of  the  tongue. 

1.  The  papillce  Jili/ormeSj  or  conicce^  are  crowded  between  the  fungi- 
formes,  and  are  most  abundant  on  the  middle  of  the  tongue.  They 
are  conical  processes,  ,'j  to  J  of  an  inch  loug,  by  tJjj  to  gV  broad, 
of  the  corium  of  the  mucous  membrane,  divided  at  their  extremi- 
ties into  from  five  to  twenty  smaller  secondary  papilla),  of  ^Jxy  to 
g*^  of  an  inch.  These  are  covered  by  a  thick  epithelial  coat,  drawn 
out  into  a  number  of  long,  thin,  fine,  and  subdivided  processes, 
resembling  a  fine  brush,  and  sometimes  ^^  to  ^  of  an  inch  long. 
The  whole  mass  somewhat  resembles  a  hair  (Fig.  344),  and  is  liable 
to  be  covered  with  mucedinous  fungi.  (Fig.  155.)  Each  filiform 
papilla  has  an  artery  giving  a  capillary  loop  to  each  of  the  simple 
papillse  upon  it.  Nerves  also  can  be  found  in  most,  but  not  all,  of 
them;  there  being  in  the  base  of  the  papilla  one  or  two  small 
trunks  with  five  to  ten  dark-bordered  nerve-fibres,  becoming  finer 
as  they  approach  the  point.  They  probably  terminate  in  loops. 
(Kblliker.)    (Fig.  345.) 

2.  The  fungiform  papillce  abound  particularly  on  the  anterior  part 
of  the  tongue.  They  consist  of  a  clavate  primary  papilla,  ,V  to  ^'y 
of  an  inch  long,  to  gV  ^  aV  ^^  ^^  ^"^^  broad,  covered  with  closely 
placed,  conical,  secondary  papilla),  yj^  to  -jJif  of  an  inch  long,  and 
covered  by  a  simple  epithelium,  only  j^'q^  to  ^^Vif  cf  an  inch  thick, 
over  their  points.    (Fig.  846.)    The  vessels  are  arranged  as  in  the 


A.  inform  Tlpilla,  vlUi  tbilr  h*lr-I 

psplllig;  6,  IlDcar  biuDiHil-Dittobnac;  d.  (KOBdiirT  ptpillB.  dcprlrr^ 
/.  hklr-likT  fivttttt  Uk<  rplthsllDm.  applof  the  ^Hple  piptlla  liu«all 
rmled  naclMlad  puUDlnof  cpllhelliim  (uagnlled  3M)  dluHlan).  1,  3. 
al  th*  tnBfUa.  3,  4,  IS.  Bud*  of  lulr-Ukf  spltliellaB  procs».  ihniHw  • 
trnngHaeni  of  ihe  puUdti.  bni  Is  lU  ■  cDclHiniict  oT  Ibe  puildaa  tavi 


papilla;  filiformea,  except  tbat  they  are  far  more  numerous.  (Fig- 
346,  B.)  One  or  two  larger  nervous  trunks  also  (j«'bp  to  uSs  °f^ 
inch)  enter  every  fungiform  papilla,  besides  many  loiaate  filamcnK, 
which,  repeatedly  anastomosing,  spread  out  like  a  brush  towanln 
the  secondary  papillae  and  their  axile  corpuscles.  They  pmbably 
terminate  both  in  loops  and  in  free  extremities.  {K^iiUiker.) 

S,  The papillce  drcumiallaite  are  situated  at  the  base  of  the  Uytigo^ 
are  six  to  twelve  in  number,  and  consist  of  a  central  ronad  papilla, 
flattened  at  the  end,  j',  to  ,'j  of  an  inch  in  diameter,  and  /g  to  e«n 
j\  of  an  inch  high;  with  a  lower  uniform  wail^  a'g  to  )'«  of  ao  inch 
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i.  SMomUry  puplllaot  iha  onlnal  eluw  tieMid  vllb  mcetie  idd:  a,  lt> 

mbDndul,  bol  tb«  nrllnl  ■rrxiigtn«ii  of  lu  pnHelsi  out  Ihs  tfti  of  tha  pipllU  li  ■ 
uid  lllutimlH  th*  asdo  of  (oimaUon  at  (h*  bkli-llka  proceim  d««rilHd  In  Uia  UIL 

(■MTi)  atm,  pnt«Ux  formlDg  ft  ioop,  bn(  lt>  kKb  nol  elnrlr  mk ;  c.  e.  rtutie  llnaai 
bsH  ud  ka  [ulnurlor.  (MacnlBiid  sao  dlvodan.}  a  Ksmi  oti  eomponnd  pipllU  u 
«r  lb*  Main,  In  whleb  lliair  loop-hka  amivameiit  1i  dlaUncttlj  iMii.    (MiiDlOad  160d 

Fig.  346. 


<  Blmpla  pipUlB  of :!.  lojMMd : 
ttol  lome  of  Iha  faoglfara  papilla  I>  ban  npretenUd, 
jighboring  almpla  paplllic.    (Magallod  IS  dlamatan.) 


broad,  closely  surrounding  the  papilla,  especially  at  its  base.    They 
are  arranged  so  as  to  correspond  to  the  letter  Y,  the  point  being 
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constituted  by  thef&ramen  cacum,  which  is  a  depression  containing 
fungiforra  papillEe,  The  papilla  itself  is,  in  structure,  to  be  r^arded 
as  a  flattened  fungiform  papilla,  except  that  it  contains  no  elastic 
tissue;  and  the  wall  is  a  simple  elevation  of  the  mucous  membraae, 
with  a  smooth  epithelium,  under  which  its  upper  bolder  is  pro- 
duced into  many  rows  of  simple  conical  secondary  papill».    (Fig. 

Fig.  Ml. 


347.)  Far  more  nerves  are  distributed  to  these  than  to  the  fungi- 
form papillae;  the  walls  also  being  abundantly  provided  with  them. 

Uses  of  the  Lingual  Papillee. — The  filiform  papillie  are  neither  the 
seat  of  the  sense  of  taste,  nor  delicate  tactile  organs;  but  are  the 
analogues  of  the  lingual  spines  of  animals  {Todd  and  Bowjnan), 
and  hence  aid  in  mastication,  and  in  protecting  the  tongue.  The 
two  other  kinds  of  papillce  subserve  the  sense  of  taste,  and  arc  also 
the  seat  of  touch,  temperature,  &c.  The  sense  of  touch  is  most 
acute  at  the  point  of  the  tongue  where  the  fungiform  papillie  are 
most  abundant;  the  sense  of  tasle  at  the  root  of  the  tongue,  pro- 
bably because  the  circumvallate  papilla;  possess  more  nerves  in  the 
same  space.  The  nerve-fibres  are  also  finer,  or  more  nearly  reduced 
to  isolated  axis-fibres. 

Certain  pathological  appearances  of  the  tongue  are  easily  under- 
stood from  the  data  just  afforded.  The  gastric  furred  tongve  is 
produced  principally  by  the  growth  of  the  epithelial  processes  of 
the  filiform  papillae,  which  projecting  backwards  apparently  form 
a  peculiar  wnite  coating.  If  they  become  longer,  so  that  the  pa- 
pillce  measure  J  to  J  of  an  inch,  the  appearance  called  the  villous 
tongue,  not  uncommon  in  various  disorders,  is  produced.  At  length, 
indeed,  the  tongue  may  seem  to  be  covered  with  hairs  4  to  6  lines 
long.  In  old  people,  the  tongue  may  present  no  papilla)  at  all: 
they  being  small  and   imbedded  in  the  epithelium.     Finally,  the 

acedinous  fungi  collecting  on  the  papillie  filiformes  may  produce 

hick  white  coat,  as  shown  by  Fig.  155, 
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The  Ohndso/lhe  Oral  Cavity. 

The  submucous  areolar  tissue  of  the  mouth  presents  no  peculiari- 
ties, except  that  it  is  thin  and  yielding  on  the  fnena  of  the  lips, 
tongue,  and  epiglottis,  and  the  floor  of  the  mouth ;  while  it  is  more 
solid  where  mucouB  glands  occur ;  and  is  6rmly  fixed  on  the  root 
of  the  tODgue,  and  the  soft  palate,  where  there  are  also  large  masses 
of  fat  in  it.  The  glands  are  of  three  classes :  the  mucous,  the  fol- 
licular, and  the  salivary  glands. 

1.  The  mucous  glands  are  racemose,  yellowish,  or  whitish,  of  a. 
rounded  form,  and  |  to  ^  of  an  inch  in  diameter.  (Fig.  848.)  Their 
tenninal  vesicles,  or  ceeca, 

precisely  resemble  a  simple  ^^'      • 

sebaceous  gland.  Tbey  ge- 
nerally lie  in  the  submu- 
cous areolar  tissue.  On  the 
lips  they  form  a  ring  about 
g',  of  an  inch  broad  round 
the  oval  aperture,  com- 
inencing  \  of  an  inch  from 
the  red  edge  of  the  lips. 
They  are  very  numerous 
in  the  cheeks,  but  smaller. 
Those  of  the  hard  palate 
cover  only  its  anterior  half; 
while  those  of  the  soft  pa- 
late are  abundant,  but  di- 
minish towards  the  free 
edge  of  the  uvula.  Smaller 
glands  also  exist  on  its  pos- 
terior surface.  There  are  \ 
no  glands  upon  the  gums. 
The  mucous  glands  of  the 

root  of  the  tongue  are  g'j  to  ^  of  an  inch  in  diameter.  They  form 
a  stratum  in  some  parts  very  thick,  extending  almost  from  one 
tonsil  to  the  other.  They,  however,  never  extend  forwards  beyond 
the  middle  of  the  tongue.  The  ducts  of  some  of  these  glands  which 
lie  in  the  extremity  of  the  gcnio-glossus  muscle,  are  even  half  an 
inch  long.  Other  small  glands  lie  on  the  margin  of  the  root  of  the 
tongue ;  and  two  elongated  glandular  masses  }  to  {  of  an  inch  long, 
1  to  \  of  an  inch  thick,  and  ^  to  ^  of  an  inch  broad,  lie  under  the 


.   {.KSUOier.) 
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point  of  the  tODgue  each  side  of  the  frseuum,  where  five  or  six  ex- 
cretory ducts  open  close  to  the  latter. 

All  these  glands  are  abundantly  supplied  with  bloodvessels,  each 
of  the  cseca  and  vesicles  being  usually  in  contact  with  three  or  four 
capillaries.  Nerves  also  exist  abundantly  upon  the  excretory 
ducts,  and  occasionally  fine  fibres  are  found  in  the  glands  them- 
selves. 

The  mucus,  secreted  by  these  glands,  has  already  been  described 
(p.  198). 

2.  The  simple  follicular  glands  are,  when  dissected  out,  jj  to  ^  of 
an  inch  in  diameter,  and  are  found  at  the  root  of  the  tongue  lying 
under  the  mucous  membrane,  but  above  the  mucous  glands;  and 
so  superficially  that  their  position  is  seen  externally.  Indeed,  the 
excretory  ducts  of  the  mucous  glands,  before  described,  open  into 
the  bottom  of  these  follicles  or  sacs.  Each  of  these  is  a  cavity 
lined  by  the  mucous  membrane  of  the  tongue,  with  its  papillie  and 
epithelium ;  with  a  number  of  large  completely  closed  capsules  j  Jj 
to  ^s  of  an  inch  in  diameter,  and  with  walls,  q^'ov  ^  lAo  of  ^^ 
inch  thick,  lying  immediately  under  the  membrane  in  a  delicate 
fibrous  and  vascular  matrix.  (Fig.  349.)  Their  contents  are  gray- 
ish-white, consisting  of  a  clear  fluid,  cells  ,^v  to  31'c^of  an  inch 
in  diameter,  and  free  nuclei,  (0*05  to  jo'^o  of  an  inch  in  diameter. 

Fig.  349. 


lluiii.n  folUruUi  pLBnJ  ftom  tbr  KWI  of  (he  loogne.  a.  Eptlbrllau  Unlna  II.  6.  VipWrn.  t. 
/.  EpItbrllniD.    a-  Fulltrlr  In  Ih<  Ibick  wkDof  thefUnd.— HugollHt  30  dlimoWn.    {SOllkrt.i 

These  glands  .ire  abundantly  supplied  with  vessels,  forming  close 
networks  u[K>n  the  membrane  of  the  capsules  (Fig,  350),  and  then 
proceeding  to  supply  the  papilL's.  Lymphatic  vessels  also  proceed 
from  them  {E.  H.  ITW-e?-),  and  nerves  exist  upon  them. 

Of  the  compound  foUicular  glands  the  tonsils  are  an  example. 


QLANDS  or  THE  DBAL  CATITT.  621 

thougb  fonod  in  the  pharynx.  Each  of  these  orgaos  is  an  aggre- 
gation of  10  to  20  compound 

follicular  glands,  held  together  ^«'  ^*'- 

by  a  common  investment,  and 
forming  a  hemispherical  mass. 
The  apertures  of  the  follicles 
frequently  unite  so  as  nlti- 
inat«ly  to  form  only  a  small 
number  on  the  surface.  The 
structure  of  the  tonsil  is,  there- 
fore, understood  from  the  pre- 
vious description  of  the  sim- 
ple follicular  glands.  It  should 
also  be  added,  that  the  tonsils 
receive  the  ducts  of  mucous 
glands.  The  vessels  distri- 
buted to  the  closed  capsules 

are  more  numerous  than  those  of  the  lingual  follicles.  (Fig.  350.) 
Nerves  exist  on  the  surface  of  the  tonsil  and  in  the  papillae;  but 
have  not  been  found  in  the  membrane  of  the  closed  capsules. 

What  the  precise  function  of  the  closed  capsules  is,  is  not  deter- 
mined. But  at  least  their  contents  are  very  similar  to  those  in  the 
follicular  cavity  around  which  they  lie,  though  no  capsules  are 
found  burst. 

3.  The  .lalivary  glands  (parotid,  submaxillary  and  sublingual), 
may  be  regarded  as  compound  racemose  mucous  glands,  so  far  as 
their  structure  is  concerned;  their  primary  lobules  corresponding 
to  those  of  n  mucous  gland,  and  their  secondary  to  the  entire  mu- 
cous gland.  (Fig.  348).  These  last  are  united  into  larger  lobes,  and 
thus  the  whole  salivary  gland  is  made  up.     (Fig.  31tt,  c.) 

The  excretory  ducts  of  the  salivary  glands  have  a  conoidal  epi- 
thelium  consisting  of  a  single  layer  of  cells  i,\j^  of  an  inch  long. 
The  remainder  of  their  wall  (very  thick  in  Steoon's  duct),  is  a  firm 
and  condensed  layer  of  areolar  tissue.  In  Wharton's  duct,  there  is 
a  thin  layer  of  smooth  muscular  fibres  within  the  areolar  tissue; 
while  there  is  also  a  double  elastic  layer  between  this  muscular 
layer  and  the  epithelium.  The  vessels  are  abundantly  distributed 
to  the  primary  lobules,  as  to  those  of  the  mucous  glauds;  the  capil- 
laries tieing  jo'oD  to  jo'ffo  of  an  inch  in  diameter.  Lymphatics  are 
also  found  in  the  salivary  glauds.    Nerves  proceed  into  them  also, 
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with  the  vessels,  from  the  external  carotid  plexus ;  besides  whicb, 
the  ganglion  linguale  supplies  the  two  smaller  pairs  of  glands,  and  , 
the  facial  nerve,  probably  with  the  anterior  auricular,  the  parotid. 
The  composition  and  uses  of  the  saliva  have  already  been  speci- 
fied (pp.  209-10). 

2.  Mucoiis  Membrane  of  the  Pharynx. 

Only  the  lower  half  of  the  pharynx  will  be  noticed  here;  the 
upper  half  belonging  to  the  respiratory  passages.  In  that  part  of 
it  through  which  the  food  passes,  the  epithelium  is  of  the  com- 
pound scaly  variety,  like  that  of  the  oral  cavity.  The  corium  of 
the  mucous  membrane  contains  much  more  elastic  tissue  than  that 
of  the  mouth,  is  paler,  and  presents  none  but  rudimentary  papill®. 

The  glands  in  the  lower  half  of  the  pharynx  are,  1,  racemose 
mucous  glands,  already  described  (p.  519),  in  small  numbers;  2, 
follicular  glands — especially  on  the  posterior  and  lateral  walls  of 
the  pharynx,  as  far  as  to  the  level  of  the  epiglottis;  3,  the  tonsils 
already  described  (p.  521).  The  first  two  kinds  of  glands  are,  how- 
ever, far  n^ore  abundant  on  the  upper  half  of  the  pharynx,  as  will 
be  shown  further  on  (Chap.  XVI.). 

Bloodvessels,  lymphatics,  and  nerves,  abound  in  the  mucoos 
membrane  of  the  pharynx.  The  muscles  of  the  pharynx  are  the 
three  constrictors,  the  stylo-pharyngeus,  and  the  palato-pharyngeus. 

3.  Structure  of  the  (Esopliagus, 

While  the  muscular  coat  of  the  pharynx  is  formed  of  striated 
muscular  fibres  alone  (the  constrictores  pharyngis,  &c.),  that  of  the 
oesophagus  contains  both  kinds  of  fibres.  In  its  upper  third,  as 
far  as  its  entrance  into  the  thorax,  only  the  striated  muscular  fibres 
are  found,  arranged  in  fasciculi  ^i^  to  ^V  of  an  inch  in  diameter, 
and  which  sometimes  distinctly  anastomose.  Lower  down,  the 
smooth  muscular  fibres  appear,  first  in  the  circular  (internal)  layer; 
and  then  increase  while  the  striated  fibres  diminish — though  the 
latter  are  found  isolated,  and  extending  even  to  the  cardia.  {F\- 
emus.) 

The  mucous  membrane  is  paler  than  that  of  the  pharynx,  and 
assumes  a  whitish  tint  below.  It  is  r^\  to  j^^  of  an  inch  thick;  its 
compound  scaly  epithelium  being  yj,y  to  yj^  of  an  inch  thick;  and 
whose  epithelial  plates,  constituting  one-half  its  thickness,  may  be 
readily  stripped  off*  in  large  white  sheets,  after  a  short  maceration. 
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The  cerium,  averaging  ,V  of  an  inch  thick,  presents  numerous 
conical  papillse,  and  consists,  besides  areolar  tissue,  of  very  many 
longitudinal  bundles  of  smooth  muscular  fibres.  It  also  contains 
fat  cells  and  small  racemose  mucous  glands.  (Fig.  348.) 

The  mucous  membrane  of  the  oesophagus  is  moderately  sup- 
plied with  bloodvessels,  lymphatics,  and  nerves.  The  last  have  not 
yet  been  traced  into  the  papillae. 

Thb  Infra-diaphragmatic  Portions  of  the  Alimentary 

Canal. 

All  the  infra-diaphragmatic  portions  of  the  alimentary  canal 
(except  a  small  part  of  the  rectum)  have  still  another  layer  ex- 
ternal to  the  muscular  coat,  viz.,  the  peritoneum.  This  serous  mem- 
brane forms  a  closed  cavity;  its  epithelium  being  of  the  simple 
scaly  variety.  Its  corium  is  much  thicker  in  the  external  or  parie- 
tal layer,  than  in  the  internal  or  visceral;  though  having  in  both 
the  same  structure — like  that  of  the  corium  of  the  skin.  The 
whole  thickness  of  the  membrane  is  ^^^^  to  ji^jf  of  an  inch  in  the 
latter  case,  and  3^9  in  the  former.  A  loose  subserous  layer  of 
areolar  tissue  containing  fat-cells  exists  in  most  parts;  not,  however, 
in  the  folds  of  the  peritoneum.  But  few  vessels  or  nerves  are  dis- 
tributed to  this  membrane ;  and  lymphatics  have  been  found  only 
in  the  sub-serous  layer. 

Any  peculiarity  in  the  mvscular  coat  will  be  specified  in  connec- 
tion with  the  part  in  which  it  occurs.  In  general,  it  consists  of  an 
incomplete  layer  of  longitudinally  arranged  fasciculi  of  smooth 
muscular  fibres  externally,  and  another  of  circular  fibres  internally. 
The  stomach  has  also  a  third  layer  of  oblique  fibres  inside  of  the 
circular  layer. 

1.  The  Structure  of  the  StomacJi. 

The  mucous  membrmie  of  the  stomach  is  reddish-gray,  or  bright 
red  during  digestion,  but  at  other  times  grayish.  It  is  thinnest 
{ij\  to  ^g  of  an  inch)  at  the  cardia;  and  thickest  in  the  pyloric 
region  (y*g  to  j*^  of  an  inch).  Little  polygonal  areas,  Jj  to  ^  of  an 
inch  across,  bounded  by  very  slight  depressions,  are  not  unfre- 
quently  found  on  the  pyloric  portion  of  the  membrane.  Dr.  Neil 
has  shown  that  conical  papillaa  exist  around  the  pylorus,  similar  to 
the  villi  of  the  small  intestine,  but  smaller. 

The  corium  of  the  mucous  membrane  contains  a  layer  of  smooth 
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muaoular  fibres  in  its  lowest  portion,  above  whicn211s«reoSFfi*~ 
sue.     The  muscular  layer  and  the  simple  conoidal  epithelium  are 
everywhere  of  the  same  thickness,  while  the  interme<iiate  portion— 
the  glandular  layer — varies. 

The  most  important  eletnent  of  the  gastric  mucous  membradl 
the  gastric  glands — are  straight  tubes  passing  through  the  menibi 

down  to  its  muscular  layer,  and  there- 
fore varying  in  different  parts  from  g'j  to 
Vi  of  an  inch  in  length.  They  are  so 
crowded  together  that  very  little  tissue 
intervenes  between  tbera.  (Pig-  851.) 
They  commence  on  the  surface  as  cylin- 
1  iffP^Hl^Blif '^'i ''fS '  drical  tubes  j^e  ^'^  ii^vn  <^f  ^^  i^K^b  ia 
diameter,  diminish  below  to  go'oo  *^f  '"'  ' 
inch,  or  less;  and  the  most  common  form 
terminates  in  a  flask-shaped  enlargement 
of  tia  to  xls  of  an  inch.  Kach  tube  ia 
lined  through  its  upper  third  by  a  simple 
conoidal  epithelium;  but  in  the  rest  of 
its  extent  the  tube  is  entirely  fillud  with 
pale,  finely  granular,  nucleated  cells, 
25(15  to  Tj'no  of  an  inch  in  diameter, 
which  do  not  seem  to  constitute  a  dis- 
tinct epithelium.  They  are  termed  the 
peptic  cells;  and  these  are  the  simple  pep- 
tic glands  occurring  in  the  middle  zone 
of  the  stomach.  The  compound  jvptie 
glands  (Fig.  S&2,  c)  occur  in  the  narrow 
cardiac  zone  of  the  stomach.  They  resemble  the  preceding,  exoqit 
that  they  divide  into  two  or  three,  and  then  into  four  to  seven 
equally  long  cylindrical  tubules,  also  lined  by  the  peptic  cells;  in 
which  oil-globules  are  frequently  observed.  The  terminal  Inbulcs 
have  a  twisted  appearance  dependent  on  numerous  lateral  dilnta- 
tions.  Smooth  muscular  fibres  are  also  found  between  these  glntids. 
Still,  other  compound  tubular  glands  also  exist  in  the  pyloric  zone, 
resembling  the  last,  except  that  they  are  larger  and  lined  throfighviH 
by  a  conoidal  epithelium,  and  therefore  contain  no  peptic  cells. 
(Fig,  352,  B.) 

It  is  pretty  certain  that  the  true  gastric  juice  is  afforded  only  by 
the  two  forms  of  peptic  glands  just  described;  while  the  lost  men- 
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tioDed  secrete  mucus  alone.  The  pepsiu  is,  therefore,  afforded  only 
by  the  cardiac  and  middle  zone  of  the  stomach,  and  not  by  the 
pyloric 

Fig.  3S2. 


The  hloodveiseh  of  the  gastric  mucous  membraDe  are  very 
numerous,  and  their  distribution  quite  characteristic.  Fig.  353 
represents  those  of  the  large  intestine,  which  are  very  similar. 
The  arteries,  beginning  to  divide  in  the  submucous  areolar  tissue, 
break  up  into  capillaries  of  g^^  to  ^^^  of  an  inch,  which  ascend 
betwoen,  and  form  a  network  around  the  tubular  glands,  extending 
aa  fur  as  their  apertures,  and  forming  polygonal  meshes  around  the 
latter  ^^g  to  jdi  of  an  inch  in  diameter.  From  this  network  the 
veins  rise  by  many  radicles,  and  penetrating  the  glandular  layer 
further  apart  than  the  arteries,  enter  a  venous  network  with  partly 
horizontal  vessels,  in  the  submncoua  tissue. 


THE   mSSUES. 
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vesseU 
membrane  form  two  networica;  a  fine, 
auperficial,  and  a  deep,  coarse  one.  The 
mrves,  derived  from  the  pneumogastric  aud 
the  sympathetic,  have  been  seen  to  eater 
the  muscular  layer  of  the  mucous  mem- 
brane, but  have  not  been  traced  further. 

2.  SlrvcLure  of  Die  Small  /nteatine. 
The  amall  intestine  is  divided  ioto  the 
duodenum,    the  je/unum,    and  the  ileum.— 
Throughout,  the  mucous  membrane  has  a 
pie  conoidal  epithelium ;  and  its  corium 
has  a  layer  of  smooth  muscular  fibres  both 
longitudinal  and  transverse  ((iescrib<al  by 
Briicke),  like  that  of  the  gastric  mucoos 
membrane;  and,  at  most,  ,30   of  an  inch 
thick.    Where  certain  glands  exist,  there  is 
but  little  submucous  tissue,  the  corium  be- 
ing closely  connected  with    the  maacalar 
tunic  of  the  intestine.     It  is  more  compli- 
cated in  structure,  though  thinner  than  the 
membrane  of  the  stomach;  pre- 
senting, as  it  does,  the  villi  and 
several  varieties  of  glands. 

I.  The  villi  (Fig.  354)  ex- 
tend throughout  the  small  intes- 
tine from  the  pylorus  to  the 
sharp  edge  of  the  ileo-Ciccal 
valve,  being  most  numerous 
(50  to  90  upon  a  sq^uare  line)  in 
the  duodenum  and  jejunum: 
while  there  are  but  40  to  70  on 
the  same  surface  in  the  ileom. 
They  are  whitish  elevations  of 
the  corium  of  the  mucous  mem- 
brane, easily  seen  by  the  unaid- 
ed eye,  and  are  set  so  close  to- 
gether upon  and   between  the 
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valvulce  conniventa  as  to  give  to  the  membrane  ita  velvety  appear- 
ance. In  the  duodenum  they  are  broader  and  leas  elevated,  resem- 
bling folds  and  laniinse  yjg  to  ^g  of  an  inch  high,  and  ^g  to  even 
Ys  of  an  inch  broad.  In  the  jejunum  they  arc  mostly  conical  and 
flattened,  and  often  cylindrical,  clavatc,  or  filiform ;  being  bS)  to  ^i, 
of  an  inch  long.  7*3  to  j\t,  of  an  inch,  or  less,  in  breadth,  and  g^g 
of  an  inch  (in  the  flattened  forma)  thick.  The  epiUielium  of  the 
villi  is  the  simple  conoidal  variety.  The  proper  villus  itself  is  sim- 
ply a  solid  process  of  the  corium  whose  matrix  ia  undeveloped  col- 
lagenous tissue,  in  which  a  variable  number  of  roundish  free  nuclei 
are  scattered;  containing  bloodvessels,  lymphatics,  and  smooth 
muscular  fibres.  The  bhodvesaeh  are  very  numerous.  Two  or 
three  small  arteries  (y3^,^r  to  ^Ji,  of  an  inch)  give  off  a  close  net- 
work of  capillaries,  -f-^^ts  to  g,Vi;  of  an  inch  in  diameter,  which 
lies  immediately  beneath  the  basement  membrane  on  the  outer 
surface  of  the  proper  villus  itself.  From  the  gradual  confluence 
of  these  capillaries  a  vein  arises  which  carries  the  blood  into  the 
larger  trunks  of  the  submucous  tissue.    (Fig.  355.)    The  l>/mpka- 
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tics  of  the  villi  are  usually  called  lacteals.  These  traverse  the  axis 
of  the  villus,  commencing  in  a  caecal  and  frequently  enlarged  end. 
(Fig.  856.)  They  have  a  much  greater  diameter  than  the  capilla- 
ries, and,  according  to  Professor  Briicke,  are  mere  excavations  in 
the  villi  without  walls,  while  the  true  chyliferous  vessels  commence 
in  the  deeper  parts  of  the  membrane.  In  some  broad  villi,  two 
lacteal  cavities^  a  long  and  a  short,  appear. 

The  smooth  muscular  fibres  of  the  villi  are  arranged  longitudinally, 
forming  a  thin  layer,  not  always  distinct  in  man,  placed  centrally 
around  the  lacteals.  They  produce  contractioi;is,  and  thus  influence 
the  propulsion  of' the  chyle  and  the  venous  blood  in  the  villi. — 
Nothing  is  known  of  any  nerves  in  them. 

^Function  of  the  Villi — The  villi  are  the  principal  agents  of  ab- 
sorption of  the  nutritive  elements  resulting  from  the  digestion  of 
the  food.  But  Brucke  shows  that  absorption  also  occurs  on  the 
surfaces  between  them,  and  particularly  from  between  the  glands 
of  Lieberkiihn.  It  is  generally  asserted  that  the  lacteals  alone 
absorb  fat,  while  the  minute  bloodvessels  absorb  the  other  elements. 
Briich,  however,  found  that  the  bloodvessels  absorb  fat  as  well  as 
the  lacteals;  the  former  sometimes  being  half  filled  with  fat,  instead 
of  blood  alone.  Both  these  observers  also  show  that  the  epithelium 
of  the  villi  is  not  cast  off  during  normal  digestion,  as  stated  by  Mr. 
Goodsir.  Brucke  asserts  that  the  epithelial  cells  are  mere  tubes, 
closed  externallv  by  a  layer  of  mucilagirious  substance  easily  per- 
meable by  fluids,  and  that  the  fat  therefore  finds  an  easy  admission 
into  them,  and  to  the  surface  and  into  tlie  substance  of  the  proper 
villus  itself,  in  the  form  of  oil-drops.  This  observation  needs  con- 
firmation. 

In  cliolera,  the  epithelium  of  the  villi,  and  sometimes  of  the 
whole  intestine,  is  thrown  off. 

II.  The  glands  of  the  small  intestine  are  of  two  kinds,  the  tubular 
and  the  racemose.  Certain  closed  follicles  are,  however,  also  to  be 
described  in  this  connection. 

1.  The  tubular,  or  Lieberkiihn's,  glands  are  distributed  over  the 
whole  small  intestine,  as  straight,  narrow  caeca  (Fig.  357),  extending 
completely  through  the  mucous  membrane,  and  occupying  almost 
all  the  space  left  between  the  villi;  and,  in  a  vertical  section  (Fig. 
359  and  362),  resembling  palisades.  They  are,  however,  not  found 
over  the  centre  of  the  closed  follicles,  as  will  be  seen.  Their  length 
equals  the  thickness  of  the  mucous  membrane  {^\  to  g*^  of  an  inch); 
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their  broad  this  ^Je  to  jj,  of  an  inch;  and  their  aperture  is  bqo  to  ^f^ 
of  an  inch.    They  contaio  a  simple  conoidal  epithelium,  whose  cells 
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during  digestion  never  contain  fat,  like  those  of  the  villi;  the  lumm 
of  the  tube  being  filled  by  a  clear  fluid  secretion — the  inlnatmal 
fixdd — already  described  on  page  201.  The  vessels  of  these  glands 
follow  the  type  of  those  of  the  stomach.   (Figs.  358,  356,  and  353.) 

2.  The  racemose  glands — Brunner's  glands — moat  abundant  in 
the  duodenum,  resemble  those  of  the  oral  cavity  and  the  salivary 
glands,  in  structure,  and  their  vessels  have  the  same  arrangement 
aa  those  of  the  latter.  (Fig.  348.)  Thus  the  vessels  whence  the 
secretion  of  these  and  the  preceding  glands  is  obtaiued  are  next  t^) 
the  arteries,  while  those  concerned  in  absorption  (those  of  the  villi) 
are  further  from  them,  and  nearer  to  the  veins.  (Fig,  355.) 

8.  The  closed  foUicles  are  found  scattered  simply  or  in  groups  over 
the  walla  of  the  small  intestine.  In  groups,  they  constitute  the 
Peyer's  patches,  or  glanduhe  agminalce.  Each  closed  follicle  is  ,', 
to  ^j  or  even  ,'j  of  an  inch  in  diameter,  rounded  or  conical  towards 
the  intestinal  cavity,  and  lying  partly  in  the  corinm  of  the  mucous 
membrane,  and  partly  under  it;  extending  from  a  point  gio  to  ,io 
of  an  inch  beneath  its  surface  to  the  muscular  tunic,  which  is  here 
more  closely  united  with  the  corium.  (Fig.  359.)  On  the  surface 
of  the  mucous  membrane  are  roundish  depressions,  j'j  to  |'j  of  an 
inch  apart,  corresponding  to  the  separate  follicles,  and  presenting 
34 
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no  villi.  When,  however,  the  follicles  are  isolated  {glaadulte  soli- 
tariffi),  they  usually  present  a  convex  Hurface,  and  support  villi. 
(Fig.  360.)  Each  follicle  has  a  completely  closed,  thick,  and  strong 
coat  of  indistinctly  fibrillated  collagenous  tis- 
sue, with  interposed  nuclei;  within  which  are 
the  soft  grayish  contents,  consisting  of  a  little 
fluid,  and  innumerable  nuclei  and  round  cells, 
3d'oo  ^°  Ti'oo  °f  ^1  *"^^  i"  tliameler.  Very 
e  bloodvessels  ramify,  like  those  of  the  closed 
follicles  of  the  tonsils,  on  the  exterior  of  these 
follicles  (Fig.  350),  and  penetrate  to  their  inte- 
*«oii(iir  i.Djtriii.  ii  '''*^'''  (^'■si  f"'^ '6'''"s(.)  Lymphatics  also  form 
PBKii  ini.tiino  of  ihc  In-  networks  around  them;  but  do  not  enter  them, 
TAftVS.r"'^'""^'    as  BriJcke  asserted.  {KiiUiker.) 

The  patches  of  Peyer  are  frora  20  to  30  in 
number,  when  confined,  as  usual,  to  the  ileum  and  lower  part  of  tie 
jejunum ;  from  50  to  60  when  extending  nearly  to,  or  even  into,  the 
duodenum.  They  are  rounded  or  elliptical  in  form,  always  situated 
on  the  portion  of  intestine  opposite  the  mesentery,  and  are  \  of  an 
inch  to  even  1  inch  long,  and  \  to  even  |  of  an  inch  broad.  They 
are  mere  aggregations  of  the  closed  follicles  just  described,  each 


apertures  of  Lieberkiilin's  glaude, 


Fig.  3m, 
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Pilticle  being  surroumieil  by  tiie 
6  t»>  10  in  number,  as  shown 
\}y  Fig.  361. 

Wt!  have  as  yet  no  certain 
knowledge  of  the  functions  of 
the  closed  follicles  of  the  small 
intestine.  Thej  become  ulcer- 
ated in  typhoid  fever,  and  are 
subject  to  various  other  patho- 
logical conditions. 

3.  Mucoui  Membrane  of  the 
Large  Intestine, 

This  agrees  mainly  in  struc- 
ture with  the  mucous  mem- 
brane of  the  small  intestine. 
Its  peculiarities,  therefore,  will 
alone  be  specified.    It  presents 

no  villi,  but,  aside  from  occasional  wart-like  elevations,  it  is  level 
and  smooth.  The  muscular  layer  b  dilBuult  to  detect,  except  in  the 
mucous  membrane  of  the  rectum. 

The  glands  of  the  large  intestine  are:  1.  Lieberkiihn's  glands, 
precisely  resembling  thnae  of  the  small  intestine,  except  that  they 
are  longer  and  broader,  to  cor- 
respond with  the  greater  thick- 
neaa  of  the  membrane  (^'g  to 
,«,  of  an  inch,  by  yj,  to  jjo). 
They  are  distributed  over  the 
whole  surface  from  the  ileo- 
cscal  valve  to  the  anus.  2. 
The  aolilary  closed  foViclei  are 
very  frequent  in  the  colon  and 
rectum, and  usualiy  more  abun- 
dant in  the  latter  than  in  the 
small  intestine.  They  are  larg- 
er than  in  the  latter  locality 
(j'l  to  even  J  of  an  inch  in  dia- 
meter), and  upon  each  of  the 
little  prominences  to  which  the 
follicles  give  rise  there  is  u 
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small,  pit-like,  elongated  or  rounded  aperture,  tob^  jJ(<rf'B«iil 

in  diameter,  in  the  mucous  membrane-     (Fig.  362.)     Tbe  funcdon 
of  these  closed  follicles  is  also  unknown. 

Tbe  bloodvessels  of  the  preceding  glands  have  the  same  rela- 
tions as  in  the  small  intestine.  (Fig.  353.)  Nothing  ia  known  of 
either  the  lymphatics  or  the  nerves  of  the  mucous  membrane  of 
the  large  intestine.  ^  ^^| 

The  Appendages  to  the  Alimkstaey  Canal.         ^| 
1.   The  Liver. 

Referring  to  the  works  on  descriptive  anatomy  for  all  other  par- 
ticulars in  regard  to  the  liver,  such  only  will  be  specified  here  as 
are  necessary  to  give  an  idea  of  its  minute  structure. 

The  vena  portie,  the  hepatic  artery,  and  the  hepatic  duet  ent«r 
the  transverse  fissure  of  the  liver,  and,  subdividing,  at  last  termi- 
nate— the  first  two  in  a  capillary  plexus  from  which  the  hepatic 
vein  commences,  and  the  last  in  immediate  contact  with  the  plexus. 
In  the  pig,  and  some  other  animals,  the  minute  structures  just  men- 
tioned are  so  inclosed  as  to  constitute  distinct  lobules,  and  it  ia  the 
lobules  in  this  animal  which  Kiernan  6r8t  accurately  described 
and  figured.  In  man,  however,  nothing  of  the  kind  occurs,  n 
E.  H.  Weber  first  demonstrated;  the  various  struclaral  elements 
being  intimately  connected  throughout  the  whole  organ.  Still,  the 
distribution   of  the   capillaries 


Fig.  363. 
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and  ducts  is  such  aa  to  give 
rise  to  little  i»Uts  in  the  liver, 
somewhat  analogous  lo  the  lo- 
bules above  mentioned.  These 
are  masses  of  the  hepatic  sab- 
stance,  j'g  to  ^j  of  an  inch  in 
diameter,  containing  some  of  the 
minutest  branches  of  the  vena 
porttB  and  the  hepatic  artery  ex- 
ternally, and  giving  off  ia  Uieir 
centre  a  small  twig  of  the  hepa- 
tic vein.  Between  these  veeeb 
the  portal  hepatic  plexus  of  ca- 
pillaries is  found.  (Fig.  383.) 
The  hepatic  ducts  arise  in  lli« 
meshes  between  the  veaseU  of 
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the  pleztis,  aod  accompany  the  finest  ramificatioDS  of  the  portal 
vein,  BO  that  the  bile  flows  in  a  direction  opposite  to  that  of  the 
blood.  Fioally,  the  spaces  in  the  islets  left  between  the  elements 
just  described  are  occupied  bj  the  so-called  hepatic  cells,  Thua,  in 
general,  is  an  islet  in  the  human  liver  composed;  the  capillary 
plexus,  however,  being  commoD  to  all  the  contiguous  islets,  and 
continuous  between  them.  The  capaule  of  Gliaaon,  composed  of 
areolar  tissue,  invests  the  vena  porbe,  hepatic  artery,  and  hepatic 
duct,  as  far  as  to  the  branches  going  to  the  islets ;  but  it  extends 
between,  and  isolates  the  latter  into  distinct  lobules,  only  in  the 
pig,  BO  far  aa  has  yet  been  ascertained. 

The  passages  in  the  liver  containing  Glisaon's  capsule  with  the 
vessels  just  menttooed,  are  called  the  portal  canals.   (Fig.  364.) 


Fig.  364. 


Fig.  3SG. 
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More  particularly,  the  hepatic  cells  (Pig-  865)  are  described  by 
KoUiker  aa  averaging  n'^g  to  tu'dq  of  &>>  iu<!h  in  diameter,  the  ex- 
tremes being  jd'on  and  ^\j,  of  an  inch.  Their  membrane  is  smooth 
and  delicate,  and  their  normal  contents  are — \st,  a  yellowish,  gran- 
ular, Bemi-fluid  substance;  2dhj,  a  round,  vesicular,  nucleolat«d  nu- 
cleus, joVa  ^  3DDC  °^  A^  \Qcii  in  diameter  (and  sometimes  two  of 
these).  Besides  these  {Bdly)  fat-dropa,  and  {ithly)  pigment-granules 
arc  frei{iiently  to  be  met  with.  The  last  hanlly  exceed  yi^^n  of 
an  inch  in  diameter,  arc  of  a  yellow  or  brownish-yellow  color,  and 
appear  to  be  chemically  identical  with  the  coloring  matter  of  the 
bile  (p.  101). 
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These  cells  are  so  arranged  in  the  islets  as  to  appear  to 
network  by  the  mere  apposition  of  their  6at  surfaces,  without  any 
intermediate  substance  or  inveating  coat.  The  meshes  of  the  net- 
work are  mere  perforations  and  passages  for  the  eapillary  plexus 
and  the  commencement  of  the  hepatic  vein,  and  are  of  course  con- 
formed to  tbeir  diameters.  The  oells  are  generally  arranged  iu 
from  one  to  three  rows  (rarely  four  or  five),  to  form  the  network 
itself  (Fig.  118),  so  that  the  meshes  are  thus  jj'n„  to  gnn  of  an  inch 
apart.  Their  true  relation  to  the  minute  hepatic  ducta  will  be 
specified  on  page  53(5. 

The  hepatic  dvcts  had  been  traced  to  the  margin  of  the  hepatic 
islets  by  Kolliker,  but  not  irUo  them ;  and  be  suggests  that  the  finest 
ducts  are  open  at  their  extremity,  and  abut  on  the  hepatic  cells,  as 
shown  by  Fig.  118.  Far  more  probable,  however,  was  the  view  of 
Prof.  Leidy  on  this  Hubject,  viz,,  that  the  hepatic  ducta  commence 
in  the  substance  of  the  islets  as  a  network  of  distinct  tubules,  lined 
by  a  basement-membrane  and  an  epithelium.'    (Figs.  366  and  867.) 


But  Dr.  Beale's  recent  investigations  on  this  point  seem  quite  con- 
clusive. He  finds  the  hepatic  cells  to  be  arranged  in  lines  radiating 
from  the  centre  of  the  lobule,  as  shown  in  Fig.  368;  though  pre- 
cisely this  appearance  is  presented  only  when  the  section  is  made 
at  right  angles  to  the  small  twig  of  the  hepatic  vein  in  the  centre  of 
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tte  islet.  There  is  usually  but  one  row  (sometimes  two)  of  cells 
between  the  capillary  vessels.  He  further  ascertained  that  tbese 
rows  of  cells  are  contained  within  lubes  formed  of  simple  membrane; 
which  is  sometimes  iucorporated  with  the  walls  of  the  capillaries, 
and  sometimes  distinct  from  them.  (Fig.  369.)  These  cell-con- 
taining tubes,  therefore,  form  the  network  in  tbe  substance  of  the 
islet. 

Fig.  389. 
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The  precise  connection  of  the  ducts  between  the  lobules,  and  tl 
tubes  just  mentioned,  is  as  follows:  Numerous  finer  branches  leave 
the  small  trunk  of  the  duct,  in  the  spaces  between  the  islets,  and 
pass  towards  the  secreting  cella,  without  branching  or  anastfuiiosing 
with  each  other;  and,  pursuing  a  tortuous  coarse  around  the 
branches  of  the  portal  vein,  pass  at  once  to  the  cell -containing  net- 
work of  tubes  just  described,  and  with  which  they  are  continuous. 
Near  to  the  point  where  the  duct  joins  the  network  of  cell-contain- 
ing tubes,  it  becomes  very  much  narrowed;  being  frequently  fj„ 


Fig.  370. 


of  an  inch,  or  even  leas,  in  diameter  in  the  uninjected  state. 

370  represents  the  narrowest  ducts  in  the  pig,  and  Fig,  371  ihoe^ 

in  the  human  liver. 

The  epithelium  lining  the  minute  ducts  between  the  islets  (u'^j 
of  an  inch  in  diameter)  is  of  the  simple  scaly  variety;  its  cells  beiug 
far  smaller  than  the  secreting  cells  in  the  network  before  described, 
or  only  about  j^bh  of  an  inch  in  diameter.  Fig.  87:;  shows  their 
size  compared  with  that  of  the  former.  It  terminates  abruptly 
where  the  secreting  cells  begin.  In  the  ducts  jgg  to  jjj  of  an  inch 
in  diameter,  the  epithelium  is  more  conoidal;  and  it  becomes  com- 
pletely so  in  those  above  ^Jo  of  an  inch.  The  latter  also  have  & 
dense  layer  of  areolar  tissue  (corium)  externally  to  the  epithelium 
and  basement-membrane.  The  ductus  communis  choUdocfiug,  and 
the  ct/stic  duct,  have  both  a  mucous  layer  and  a  submucous  & 
layer;  the  former  containing  a  few  smooth  muscular  fibres,  but! 
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special  muscular  coat  The  gall-bladder  bas  a  layer  of  smooth  mus- 
cular fibres  beneath  its  peritoneal  covering.  That  of  the  ox  may 
be  made  to  dimioiah  its  capacity  one-fourth  by  a  poverful  galvanic 
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battery.  [Dr.  Mayer.)  Ita  mucous  membrane  prcsenta  many  reticu- 
lated, more  or  less  promineut,  folds,  containing  a  capillary  network 
exactly  like  that  of  the  foliaceous  intestinal  villi.  It  has  also  a 
conoidal  epithelium. — Fiually,  the  mucous  membrane  of  the  hepatic 
ducts  above  jlf  of  an  inch  in  diameter  contains  a  multitude  of 
small,  racemose,  yellowish  mucous  glands  (Kijlliker)  or  sacculi  {Dr. 
BeaU);  while  there  are  but  fewiu  the  cystic  duct, and  usually  none 
at  all  in  the  gall-bladder.  Dr.  Beale  finds  these  generally  to  be 
simple  oval  pouches,  arranged  in  two  rows  on  opposite  sides  of  the 
duct,  and  connected  with  its  cavity  by  a  very  narrow  neck,  often 
tiot  ,Q>ao  of  an  inch  in  diameter.  In  the  larger  ducts  they  are, 
however,  branched,  and  often  run  for  some  distance  in  the  coats  of 
the  duct.  OccaaioDally  the  branches  of  one  gland  anastomose  with 
those  of  another.  Fig.  873  shows  the  more  simple,  and  Fig.  374 
the  complicated  forms  of  these  pouches  in  the  pig;  where  they  are 
arranged  completely  around  the  duct 

Many  of  the  smaller  ducts,  about  J^  of  an  inch  in  diameter,  have 
numerous  enseal  pouches,  arranged  pretty  closely  together,  and 
giving  off  branches  of  simple  membrane  only.  These  are  very 
numerous  in  the  transverse  fissure  of  the  liver,  where  they  form  an 
intricate  network  connected  with  the  larger  branches  of  the  duct 
They  were  first  noticed,  and  named  vaaa  aberrantia,  by  Weber; 
and  who  also  described  the  anastomosis  between  the  right  and  left 
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Dr.  Beale  considers  these  cavities  or  irregular  branches  "as  little 
reservoirs  iu  which  the  bile  in  the  thick-coated  ducts  is  brought 
into  closer  proximity  with  the  aumerous  vessels  surrounding  them; 
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by  which  it  loses  some  of  its  water,  and  probably  undergoes  other 
changes." 

Thus  the  secreting  cells  at  the  surface  of  the  islets  probably  take 
the  most  active  part  in  the  secretion  of  bile,  being  first  reached  by 
the  portal  blood,  and  while  it  also  circulates  more  slowly.  These 
cells  also  first  show  an  increase  of  oil-drops  in  cases  of  fatty  de- 
generation. The  bile  is  formed  by  each  individual  cell,  and  trans- 
ferred, by  the  tube  inclosing  the  row  of  cells,  to  the  ducts  between 
the  islets. .  The  very  close  contact  in  which  the  cells  sometimes  lie, 
is  accounted  for  by  the  great  changes  in  bulk  they  are  known  so 
readily  to  undergo.  Hence  the  liver  is  a  true  gland,  like  the  other 
racemose  glands;  and  not  essentially  distinct  from  them  in  struc- 
ture, as  has  generally  been  asserted. 

The  capillary  network  of  the  islets  completely  fills  the  interspaces 
of  the  tubular  network,  before  described  (Fig.  118).  The  capilla- 
ries average  about  ^ison  to  jjVtt  of  an  inch  in  diameter;  being 
somewhat  less  than  the  rows  of  the  cells  in  the  tube-network.  The 
meshes  between  the  vessels  of  course  correspond  in  diameter  with 
that  of  the  columns  of  the  cells,  being  s^yVv  ^  9vv  of  an  inch.  A 
transverse  section  of  the  islets  (in  the  pig),  is  shown  by  Fig.  363, 
where  the  formative  radicles  of  the  intra-insular  hepatic  vein  is 
seen  in  the  centre,  and  the  capillary  communications  on  the  other 
hand  with  the  vena  portae,  in  the  perimetral  portion.  The  latter, 
however,  even  in  the  pig,  does  not  form  a  complete  ring  round  each 
lobule.  The  blood  probably  moves  more  slowly  in  the  outer  part 
of  the  capillary  network ;  where  it  is  more  richly  charged  with  the 
constituents  of  the  bile.  The  external  cells  also  usually  contain 
the  most  fat;  the  central  the  most  colored  granules. 

The  hepatic  artery  also  terminates  in  the  outer  part  of  the  capil- 
lary plexus  of  each  islet,  with  the  vena  port®,  it  having  previously 
supplied  the  walls  of  the  vessels,  and  the  intra-insular  spaces  (the 
capsules  of  the  lobules,  in  the  pig).  In  regard  to  the  lymphatics  and 
nerves  of  the  liver,  the  works  on  descriptive  anatomy  may  be  con- 
sulted. That  some  twigs  from  the  diaphragmatic  nerve  are  sent 
to  this  organ,  was  first  announced  by  Luschka. 

Dr.  Beale  finds  the  chemical  composition  of  the  liver  to  be  as  fol- 
lows : — 

Water 68.58 

Solid  residue 31.42 
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Fatty  matter 

8.82  ^ 

Albumen 

.      4.67 

Alkaline  salts 

1.17 

Earthy  salts 

.38 

Extractive  matter 

5.40 

Vessels,  &c.,  insoluble 

in  water 

.    16.08 

81.42 


Function  of  the  lAver. — 1.  The  liver  secretes  the  bile,  whose  pro- 
perties have  already  been  specified  (p.  212).  And  all  analogy  war- 
rants the  idea  that  it  is  secreted  by  the  true  hepatic  cells  lying  in 
the  meshes  of  the  portal-hepatic  plexus,  and  which  are  contained  in 
the  tubes  which  have  been  described.  It  is  also  very  certain  that 
the  bile  is  formed  in  the  cells  and  not  merely  eliminated  from  the 
blood  (p.  211).  2.  But  the  liver  also  forms  sugar,  as  has  already 
been  shown  (p.  71) ;  and  probably  its  parenchymal  cells  are  the  agents 
employed  in  its  formation.  3.  Again,  the  liver  produces  a  change 
in  the  alimentary  substances  (albumen,  &c.),  while  traversing  it 
from  the  vena  portse,  after  being  first  absorbed  into  the  vessels  of 
the  intestinal  villi.  It  even  forms  fat  as  well  as  sugar,  when  neither 
are  contained  in  the  food ;  and  thus  becomes  a  sort  of  equilibrator  of 
the  function  of  hcematosis,  or  the  development  of  blood. 

O!  its  pathological  conditions,  fatty  degeneration  has  already  been 
described  at  some  length  (p.  811,  5). 

In  cirrhosis  of  the  liver,  there  is  an  enormous  increase  of  the  areolar 
tissue  inclosing  the  vascular  trunks  (except  the  hepatic  vein)  and 
the  hepatic  ducts;  and  the  individual  islets  may  become  prominent, 
or  even  form  isolated  lobules.  Since  also  this  increase  of  the 
connective  tissue  is  consequent  upon  the  organization  of  plasma 
exuded  by  an  inflammation  of  Glisson's  capsule,  and  the  new  for- 
mation subsequently  contracts — the  liver  is  thus  rendered  more 
solid  and  smaller ;  the  true  hepatic  substance  also  becoming  atro- 
phied, or  in  part  disappearing. 

In  jaundice,  the  pigment-granules  are  abnormally  increased  in  the 
hepatic  cells ;  they  sometimes  completely  filling  the  latter. 

For  its  other  pathological  conditions,  reference  must  be  had  to  the 
treatises  on  pathological  anatomy. 

2.  The  Pancreas. 

The  pancreas  is  a  compound  racemose  gland,  so  similar  in  its 
minute  structure  to  the  salivary  glands,  that  only  its  peculiarities 
will  be  here  described.  The  terminal  ca3ca  of  the  pancreatic  duct 
^re  eifjf  to  -sijf  of  an  inch  in  diameter,  and  usually  rounded,  and 
are  lined  by  a  simple  scaly  epithelium  whose  cells  are  frequently 
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remarkable  for  their  number  of  fat-granules.  The  pancreatic  duct 
is  lined  by  a  mucous  membrane,  an  ofiset  from  that  of  the  duode- 
num, with  a  simple  conoidal  epithelium;  and  presenting  many 
small  racemose  glands — probably  analogous  to  the  mucous  glands 
of  the  bile-ducts.  {KolKker) 

The  bloodvessels  are  distributed  precisely  as  those  of  the  parotid 
gland ;  while  the  lymphatics  are  more  numerous.  The  nerves  only 
accompany  the  vessels,  and  rise  from  the  great  sympathetic. 

The  secretion  of  the  pancreas  is  of  the  greatest  importance  to 
the  function  of  digestion,  as  has  been  explained  on  page  213. 
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The  urinary  organs  are  the  kidneys,  the  ureters,  the  bladder,  and 
the  urethra.  The  mucous  membrane  lining  the  last  three,  forms 
the  urinary  passages ;  while  that  of  the  uriniferous  tubes  of  the  kid- 
neys is  the  seat  of  the  secretion  itself.  The  urinary  passages  will 
be  first  described,  and  then  the  substance  of  the  kidney. 

1.  The  urethra  of  the  male  will  be  described  with  the  sexual  organs 
(p.  550).  That  of  the  female  has  a  reddish  mucous  membrane,  with 
a  compound  scaly  epithelium,  and  a  quite  vascular  corium.     The 

•  latter  also  contains,  especially  near  the  bladder,  a  certain  number 
of  racemose  mucous  glands  (Littre's  glands.  Fig.  380),  like  those  of 
the  bladder,  except  that  ihey  are  larger  (sometimes  even  ^^  of  an 
inch  in  diameter),  and  more  closely  placed.  It  has  a  tunic  of  lon- 
gitudinal and  transverse  smooth  muscular  fibres,  intermixed  with 
areolar  tissue;  and  outside  of  this,  the  musculus  ureihralis  {K'6lUJcer\ 
consisting  principally  of  transverse  fibres.  In  the  submucous  areo- 
lar tissue  is  a  plexus  of  veins,  which  has  been  incorrectly  described 
as  a  corpus  spongiosum. 

2.  The  bladder  has,  externally  to  its  lining  mucous  membrane, 
two  layers  of  smooth  muscular  fibres:  1,  an  internal,  consisting  of 
oblique  and  transverse  fasciculi,  incompletely  covering  the  mucous 
membrane  from  their  reticular  arrangement,  hut  constituting  a 
strong  circular  layer  at  the  neck  of  the  bladder  (the  sphincter  ve- 
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sicse) ;  and  2,  an  external  layer  of  parallel  longitudinal  fasciculi  (the 
detrusor  urince). 

The  mucous  membrane  is  pale,  smooth,  and  rather  thick,  except 
where  the  vesical  triangle  is  situated ;  and  most  vascular  at  the  fun- 
dus and  the  neck  of  the  bladder.  Its  nerve-fibres  are  principally 
confined  to  the  same  parts,  are  dark-bordered,  and  both  fine  and  of 
medium  size.  Its  epithelium  generally  approaches  the  compound 
scaly  kind,  and,  like  that  of  the  pelvis  of  the  kidney,  is  remarkable 
for  the  diversity  in  form  and  size,  of  its  cells — the  deeper  being 
usually  elongated,  and  the  superficial  rounded,  polygonal,  or  flat- 
tened. A  conoidal  epithelium,  however,  exists  near  the  urethra 
and  the  orifices  of  the  ureters.  The  corium  is  level  (presenting  no 
papillae),  and  shows  isolated  or  aggregated  simple  racemose  mucous 
glands  in  the  neck  of  the  bladder  and  towards  the  fundus.  These 
are  ^i^y  to  ^\  of  an  inch  in  diameter,  and  their  orifices  are  gJc  to 
5^^  of  an  inch.  They  have  a  conoidal  epithelium.  In  pathologi- 
cal conditions  these  are  sometimes  enlarged  and  filled  with  whitish 
mucous  plugs.  ( VircJiow.)  There  is  an  abundant  submucous  layer 
of  areolar  tissue,  except  over  the  vesical  triangle;  and  which  is 
thrown  into  numerous  folds  when  the  bladder  contracts. 

8.  The  ureters,  including  also  the  pelvis  and  the  calices  of  the 
kidney,  are  composed  of  an  external  fibrous  coat,  a  middle  mus- 
cular coat,  and  a  mucous  membrane.  1.  The  fibrous  coat  is  com- 
posed of  areolar  tissue,  and  where  the  calices  surround  the  iKipillfr, 
is  continuous  with  the  fibrous  coat  of  the  kidney.  2.  The  muscular 
tunic  consists  of  an  external  longitudinal,  and  an  internal  trans- 
verse layer  of  smooth  fibres;  longitudinal  fibres  being  also  added ' 
to  the  inner  layer  towards  the  bladder.  The  two  muscular  layers 
are  as  thick  in  the  pelvis  of  the  kidney  as  in  the  ureters  lower 
down ;  becoming  thinner  in  the  calices,  and  ceasing  where  the  latter 
are  inserted  into  the  papilla).  8.  The  mucous  membrane  is  thin 
throughout,  tolerably  vascular,  without  glands  or  papilla?,  and  is 
continued  upon  the  renal  papillae.  Its  epithelium  is  the  compound 
scaly  variety  like  that  of  the  bladder,  and  is  gJir  to  ^J^  of  an  inch 
thick.     The  cells  frequently  contain  two  nuclei. 

Structure  of  the  Kidney, 

The  kidney  is  made  up  of  8  to  16  lobules  (pyramids  of  MalpighiV 
each  inclosed  in  an  investment  of  areolar  tissue;  and  which  are  all 
invested  together  by  the  fibrous  capsule  of  the  kidney.     Outside  of 
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the  latter  is  a  layer  of  loose  areolar  tissue  abounding  in  fat-cells, 
improperly  termed  the  adipose  capsule.  The  structure  of  the  kid- 
ney is,  therefore,  but  the  repetition  of  that  of  each  lobule. 

Each  lobule  is  of  a  pyramidal  form,  the  base  presenting  on  the 
surface  of  the  kidney,  and  the  apex  at  the  hilus;  the  outer  por- 
tion, about  half  an  inch  thick,  being  more  vascular,  and  constituting 
the  cortical  portion  of  the  kidney,  while  the  remaining  part  con- 
tains no  Malpighian  bodies,  but  consists  principally  of  the  urinifer- 
ous  tubes,  and  is  termed  the  medullary  or  tubular  portion.  The 
vascular  portion,  however,  also  gives  off  processes  inward,  ex- 
tending even  to  the  hilus  (the  columns  of  Bertini), 

1.  The  tuhuU  uriniferi  of  the  kidney  commence  in  the  papillte  of 
each  lobule  {i.  e.  the  prominent  part  constituting  the  apex  of  the 
lobule),  by  from  200  to  500  orifices  ^i^  to  yj^  of  an  inch  in  dia- 
meter, scattered  over  its  surface;  and  traverse  the  pyramids  in  close 
contiguity  (tubes  of  Bellini).  Each  tubule  in  its  course  divides  at 
least  as  many  as  ten  times,  and  usually  at  very  acute  angles,  into 
two,  or  more  rarely  into  three  or  four  smaller  branches,  diverging 
firom  each  other,  somewhat  like  the  dentinal  tubuli ;  and  thus  giving 
a  greater  diameter  to  the  lobules  towards  the  exterior.  Vessels 
are  also  interpolated  between  them  at  regular  distances  as  they  pro- 
ceed outwards.  Arriving  in  the  cortical  substance  they  become 
curved  in  their  course  {tubuli  contorti\  appearing  at  first  sight  to  be 
inextricably  interwoven,  but  ultimately  terminating,  as  discovered 
by  Bowman,*  in  a  dilated  extremity  yjVir  of  ^^  i^ch  in  diameter, 
containing  a  vascular  plexus  of  a  peculiar  kind — the  Malpighian 
body.    (Figs.  875,  130,  and  377.) 

The  tubuli  contorti  (or  convoluted  portions  of  the  tubes)  are,  how- 
ever, actually  arranged  in  columnar  masses  ,*a  to  7*.^  of  an  inch  wide 
(the  pyramids  of  Ferrein),  extending  through  the  entire  cortical 
substance;  and  here  they  freely  anastomose  with  each  other.  The 
number  of  the  tubuli  contorti  corresponds  with  that  of  the  Mal- 
pighian bodies.  Buschke  calculates  that  each  '*  pyramid  of  Fer- 
rein" contains  200  tubuli,  and  that  there  are  700  of  these  pyramids 
in  a  single  lobule,  or  pyramid  of  Malpighi.  Assigning  15  of  the 
latter  to  each  kidney,  it  would  contain  2,100,000  tubuli  contorti, 
and  as  many  Malpighian  bodies.  Todd  and  Bowman  maintain 
that  the  urine  is  secreted  only  in  these  convoluted  portions  of  the 
tubes.    (Figs.  375,  m,  and  130,  1  and  2.) 

'  In  1842. 
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of  ao  inch  thick.     These  cells  have  also  clear,  non-granulaf  con- 
teota;  while  those  of  the  tubuli  cootorti  contain,  besities  the  usual 
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round  nuclei,  a  finely  granular  albuminous  {KSUiker)  substance  in 
the  fluid  contents,  and  generally  some  dark  oil-drops,  and  more 
rarely,  granules  of  yellow  pigment.  (Fig.  1S2,  A  &  B.)  The  last 
cells  alone  probably  secrete  the  urine.  [Toddand  Bowman.) 

2,  The  vascular  (cortical)  portion  of  each  lobule  conaists  of  the 
tubuli  contorti,  just  described,  the  Malpighian  bodies,  the  veasels 
carrying  blood  to  and  from  the  latter,  and  the  stroma  of  embryonic 
areolar  tissue  connecting  all  these  elements  together.  The  MalpC- 
ghian  bodies  extend  to  within  gin,  of  an  inch  of  the  surface  of  the 
kidney  on  the  one  hand,  and  in  the  columns  of  Bertini  even  to  the 
hilus  of  the  kidney  on  the  other.  Each  of  these  is  a  rounded  mass 
(glomerulua),  consisting  of  a  close  convolution  or  tuft  of  capillaries 
so  an  ^  Ti'on^^'^  'iaiih  in  diameter;  inclosed  in  a  capsule  and  sap- 
plied  by  an  artery  {tai  ajferena),  y  jVo  •*»  ao.o  of  i>n  '"ich  in  diameter. 
This  convolution  of  vessels  is  received  into  the  dilated  extremity 
of  a  tubulna  contortua ;  and  its  capsule  is  apparently  the  continuous 
basement- membrane  of  the  tubulus,  somewhat  thickened.  Thus 
the  Malpighiun  body  is  virtually  inclosed  in  the  extremity  of  the 
tubulus;.  and  it  amounts  to  the  same  thing,  practically,  if  it  be  said 
that  the  tubulus  ends  like  the  larger  closed  extremity  of  a  retort, 
after  having  first  inclosed  the  Malpighianbody.  {Figs.377,  and  131.) 
A  vessel  ako  emerges  from  the  tuft  within,  through  the  capsule  (the 
vas  efferena) — not  a  vein,  however,  as  might  bo  expected ;  the  pre- 
So 
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cise  arrangemeBt  of  Ifae  ▼» 
aels  being  sa  follows :  The 
nrlery  divides  at  once  on 
enteriDg  ihe  coil  into  from 
6  to  8  branches,  and  each 
of  these  into  a  bundle  of 
capillaries,  which,  though 
much  interlaced  and  convo- 
luted, do  not  anastomose; 
and  ultimately  merge  into 
the  voB  effereiia  in  the  way 
in  which  they  were  first 
formed.  Generally,  the  two 
vessels  enter  aad  quit  the 
glomerulus  near  together, 
aud  opposite  the  commence- 
ment of  the  tttbulaa;  and 
the  capillary  loops  and  con- 
volutions are  always  situat- 
ed exactly  at  its  commence- 
nient.  The  vas  efierens  after 
emerging  from  the  capsule 
of  the  Malpighian  body, 
ids  as  an  artery  for  a 
short  distance,  and  then  di- 
vides into  two  sela  of  capii- 
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pass  the  tuboH  onntorti  oo 

all  Bidea  in  a  rich  network  which  is  continuous  through  the  whole 
cortical  substance — and  the  other  taking  a  straight  course  and  with 
but  few  branches,  between  the  straight  tubes,  and  in  the  whole  cir- 
cumference of  the  pyramids,  even  to  the  papillse,  in  which  they  an 
continuoua  with  the  proper  capillaries  of  these  parta.  (Fig,  878.) 
Ktilliker  describes  the  epithelium  of  the  tubuU  contorti  as  in- 
closing the  glomerulus;  while  at  the  same  time  the  projecting  free 
portion  of  the  glomerulus  ia  covered  by  epithelium.  This  baa  also 
been  recently  demonstrated  in  a  very  ingenious  manner  by  Dr. 
Isaacs,  of  this  city ;  though  Todd  and  Bowman  still  believe  tbil 
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tbe  ''  vessels  are  bare  within  the  capsule."^    EJoUiker  describes  the 
epithelium  as  existing  everywhere  between  the  Malpighian  tuft 
and  its  capsule,  except  where  the  affer- 
ent and  eflferent  arteries  penetrate.    The  ^'  ^^^' 
ciliary  motion,  described  by  Bowman,  at 
the  junction  of   the  Malpighian  bodies 
and  the  tubuli  contorti,  exists  in  reptiles 
and  fishes;    but  not  in  man  or  other 
mammalia. 

Vessels  and  Nerves  of  the  Kidney. 

The  branches  of  the  renal  artery  enter 
the  cortical  substance  interposed  between 
the  pyramids  (columns  of  Bertini),  and 
in  the  boundaries  of  the  latter  repeatedly 
dividing,  form  a  delicate  ramification 
without  anastomoses  around  each  pyra- 
mid. From  this  on  the  side  towards  the 
cortical  substance,  smaller  arteries  arise, 
mostly  at  right  angles,  which,  afler  seve- 
ral divisions,  give  off  the  interlobular  ar- 
teries (j^TT  to  iljf  of  an  inch  in  diameter), 
which  run  outwards  in  a  straight  course 
between  the  cortical  fasciculi,  or  pyra- 
mids of  Ferrein.    And,  finally,  the  last 

give  oflF  on  one,  two,  three,  or  four  sides,  a  great  number  of  the 
arteria  afferentia  of  the  Malpighian  bodies  already  described.  In- 
deed, except  a  few  branches  to  the  capsule  of  the  kidney,  all  the 
interlobular  arteries  terminate  in  the  formation  of  the  vascular 
tufte.  (Figs.  180  and  877.) 

The  renal  veins  commence  in  two  situations :  Ist^  at  the  surface 
of  the  kidney ;  and,  2dly^  at  the  apices  of  the  papillse.  In  the  first 
situation,  minute  veins  are  formed  from  the  outermost  part  of  the 
capillary  plexus  of  the  cortical  substance,  and  surround  each  bundle 
of  Ferrein ;  and,  between  the  latter,  unite  in  a  stellate  manner  into 
larger  roots,  or,  extending  over  several  bundles,  connect  into  larger 
trunks.  These,  however,  all  unite  to  form  the  interlobular  veins 
which  accompany  the  arteries  of  that  name,  before  described;  and 
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larger  branches  finally  terminate  in  the  wider  arched  venous  rami- 
fications encompassing  the  pyramids  (lobules).  The  veins  of  the 
latter  commence  in  a  beautiful  plexus  surrounding  the  orifices  of 
the  uriniferous  tubes  on  the  papillae,  and,  ascending  with  the  arte- 
ries of  the  pyramids  between  the  tubuli  recti,  also  terminate  in  the 
ramifications  just  named. 

There  are,  proportionally,  but  few  lymphatics  in  the  kidney,  ac- 
companying the  bloodvessels  as  far  as  the  interlobular  branches. 

The  nerves  ako  (from  the  cardiac  plexus)  form  a  plexus  around 
the  arteries,  to  their  interlobular  subdivisions.  How  and  where 
they  terminate  is  unknown. 

Of  the  chemical  composition  of  the  kidney  but  little  is  known. 
Frerichs  found  from  72  to  73.70  per  cent,  of  water,  and  28  to  26.30 
of  solid  matter.  The  fat  amounted  to  from  .63  to  1  per  cent.,  or 
even  1.86  {Owen  Bees);  but  the  greater  part  of  the  solid  residue  is 
probably  albumen  from  the  epithelial  cells  (p.  114,  1).  Dr.  Beale 
finds  76.45  of  water,  and  23.55  of  solid  matter ;  viz.,  fatty  matter 
containing  much  cholesterine,  .939;  watery  extractive,  6.84;  fixed 
alkaline  salts,  1.01 ;  earthy  salts,  .396;  albumen,  vessels,  &C.,  15.365. 

Function  of  the  Kidney, 

The  kidney  secretes  the  urine;  for  an  account  of  which  see  pages 
214-22. 

It  is  pretty  certain  that  much  of  the  water  in  the  urine  is  merely 
a  transudation  from  the  Malpighian  bodies;  while  the  peculiar  ele- 
ments of  this  secretion  are  secreted  by  the  epithelial  cells  of  the 
uriniferous  tubes,  and  mainly  at  least  of  the  contorted  portion.  It 
is,  however,  not  probable  that  a  rupture  of  the  epithelial  cells  is 
necessary,  that  their  contents  may  become  free  in  the  straight  por- 
tion of  the  uriniferous  tubes;  and  hence  the  same  cell  may  continue 
to  secrete  longer  than  has  usually  been  supposed.  (7!  and  B.y 

Development  of  the  Kidney. 

The  urinary  passages  are  developed  as  an  offeet  from  the  lower 
extremity  of  the  intestine;  the  kidneys  being  solid  at  first,  like  the 
salivary  glands.  The  tubuli  are  at  first  composed  solely  of  a  solid 
series  of  cells,  without  any  basement-membrane.    Subsequently  the 

'  Dr.  Isaacs,  of  this  city,  has  recently  read  a  paper  before  the  New  York  Academy 
of  Medicine,  maintaining  that  the  urine  is  secreted  also  by  the  Malpighian  bodies. 
As  it  is  not  yet  published,  we  cannot  state  the  grounds  of  this  opinion. 
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latter  appears,  and  the  tubuli  become  rapidly  longer  and  convoluted. 
The  Malpighian  bodies  are  originally  merely  the  solid  thickened 
extremities  of  the  tubuli,  the  interior  cells  of  which  subsequently 
become  the  capillary  coil.  In  the  new-born  infant,  the  tubuli  are 
one-third  as  large  as  in  the  adult,  and  the  whole  kidney  one-half  as 
large.  {Harting)    Therefore  no  tubules  are  formed  after  birth. 

The  suprarenal  glands  will  be  described  in  connection  with  the 
blood-vascular  glands  (p.  592),  since  they  appear  to  have  no  phy- 
siological connection  with  the  kidneys. 

Pathological  States  of  the  Kidney. 

1.  The  epithelial  cells  may  contain  abnormal  contents;  e.  g.  an 
increased  amount  of  fat-drops,  constituting  fatty  degeneration  of  the 
kidney  (p.  810,  4),  with  or  without  pigment-granules;  also  colloid- 
like bright-yellow  masses  are  sometimes  found  in  the  cells,  when 
thev  gener^ly  dilate  into  slender  cysts,  ^^^  to  t4v  of  an  inch  long, 
and  which  at  length  burst  and  discharge  the  colloid  substance  into 
the  tubuli,  and  then  into  the  urine.  Cysts  may  also  be  formed  by 
partitions  of  the  tubuli  contorti,  finally  separating  their  extremities 
from  the  portions  below  in  the  pyramids.  The  epithelial  cells  be- 
come detached  in  acute  desquamative  nephritis. 

2.  The  basement-membrane  sometimes  becomes  much  thickened 
(to  laiw  ^  cvV?^  of  an  inch),  and  presents  close  transverse  strias 
on  its  inner  surface. 

S.  The  Malpighian  bodies  may  expand  into  cysts  containing  the 
atrophied  glomerulus  and  a  clear  fluid. 

4.  As  abnormal  contents  (p.  215),  the  tubuli  may  contain  blood, 
fibrine,  the  colloid  substance  before  mentioned,  concretions  in  the 
straight  tubuli,  principally  of  carbonate  and  phosphate  of  lime;  and 
of  uric  acid  salts,  in  the  new-born  infant,  giving  the  pyramids  a  bril 
liant  gold-yellow  color.  In  Bright's  disease,  exuaations  into  the 
tubuli  6rst  remove  the  epithelium,  after  which  they  become  atro- 
phied, or  altogether  disappear;  or  become  filled  with  a  fatty  broken- 
up  exudation,  and  dilated  into  minute  nodosities  or  granulations. 

5.  In  inflammation  of  the  kidney,  the  stroma  often  becomes  so 
much  condensed  by  the  exudation  as  more  or  less  to  compress  the 
tubuli.     Often,  also,  the  exudation  becomes  organized  into  embry- 

Pig.  379. 


A.  UriniforoaM  tnbe  containing  a  huinogeuooas  cast 
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onio  areolar  tissue;  producing  atrophj  of  the  Malpighiaa  bodies 
by  its  pressure,  and  tnus  interfering  with  the  Amotions  of  the  gland. 
6.  The  casts  of  the  uriniferous  tubes,  oocurring  in  various  con- 
ditions of  the  kidney,  have  already  been  noticed  (Figs.  123-4,  and 
p.  215).    Another  form  is  also  shown  by  Fig.  379. 


CHAPTER   XV. 

THE  SEXUAL  ORGANS. 

I.  Sexual  Apparatus  op  the  Male. 

The  male  sexual  organs  are:  1.  The  testes;  2.  The  vasa  defe- 
rentia;  3.  The  vesiculae  seminales  and  ejaculatory  ducts;  4.  The 
penis,  including  the  urethra  and  the  accessory  glands  (Oowper's  and 
the  prostate).  The  mucous  membrane  of  the  urethra,  prolonged 
through  the  vesicula  seminalis  and  the  vasa  deferentia  to  the  semi- 
niferous tubes  of  the  testis,  constitutes  the  genital  passages  of  the 
male. 

1.  The  urethra  is  a  canal  of  mucous  membrane,  supported  through- 
out its  spongy  portion  by  the  corpus  spongiosum  urethrce^  and  in  the 
prostatic  by  the  prostate  gland ;  while  the  membranous  portion,  so 
called,  is  an  independent  canal.  The  corpus  spongiosum  is  essen- 
tially of  the  same  structure  as  the  corpus  cavemosum  penis^  next  to 
be  described ;  except  that  its  investing  fibrous  membrane  is  much 
thinner  and  has  more  elastic  fibres,  the  intertrabecular  spaces  are 
smaller,  and  the  trabeculae  are  smaller  and  richer  in  elastic  fibres 
beneath  their  epithelium.  It  is  also  invested  externally  by  a  layer 
of  smooth  muscular  fibres,  and  expands  into  the  glans  penis  at  its 
free  extremity. 

The  mucous  membrane  of  the  prostatic  and  membranous  por- 
tions contains  smooth  muscular  fibres,  both  longitudinal  and  trans- 
verse, though  less  developed  in  the  membranous  portion;  and 
outside  of  these,  in  the  latter,  are  the  striated  fibres  of  the  accelerator 
urince  muscle.  Smooth  fibres  also  exist  here  and  there  in  the  sub- 
mucous tissue  of  the  spongy  portion,  and  a  complete  muscular  tunic 
formed  of  them  lies  in  contact  with  the  corpus  spongiosum  on  its 
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iDside,  towards  tha  mucous  mambr&iie,  and  whioh  meets  the  external 
muscular  layer  at  the  lips  of  the  penis.  {Sdneock.) 

The  epiikeUum.  of  the  urethra  is  the  oompound  oonoidal,  consist- 
ing  of  two  or  three  layers  of  cells.  In  the  anterior  half  of  the  fossa 
Malpighii  are  papillte  ,^0  of  an  inch  long,  and  a  scaly  epithelium 
)  Jj  of  an  inch  thick.  Bacemoae  mucous  glands  are  found  (Littre's 
glands)  in  the  spongy  and  membraaoua  portions,  of  ,'«  to  j'j  of  an 
inch  (Fig.  380);  while  in  the  prostatic  portion  are  minute  mucous 
follicles,  like  those  of  the  neck 
of  the  bladder  (p.  542).  The 
epithelium  both  of  the  cseca  of 
Littre's  glands  and  of  the  ex- 
cretory ducts  (I'j  to  I'j  of  au 
inch  long)  is  the  simple  oonoid- 
al, approaching  the  scaly  in  the 
first  position.  The  minate  in- 
constant foBsffi  of  the  mucous 
membrane,  called  JacuniiB,  con- 
tain nothing  of  a  glandular  na- 
ture. {KalUker)  Oourper'a  gland* 
are  also  compound  racemose 
mucous  glands,  and  hence  have 
a  structure  like  the  salivary  glands.  The  delicate  membrane  in- 
vesting them,  as  well  as  the  fibrous  stroma  in  theij  interior  and 
their  excretory  ducts  ,'g  of  an  inch  wide,  are  well  supplied  with 
smooth  muscular  fibres.  A  simple  conoidal  epithelium  lines  the 
ducts,  and  a  scaly,  the  terminal  csaca. 

The  perm  is  essentially  made  up — Itl,  of  the  urethra,  as  described, 
with  its  spongy  body  invested  by  a  layer  of  smooth  muscular  fibres; 
and,  2dly,  the  two  corpora  cavernosa — with  its  investing  fksoia,  skin, 
vessels,  nerves,  &c.  The  corpora  cavernosa  are  two  cylindrical  bodies 
rising  from  the  rami  of  the  ischium,  and  uniting  under  the  sym- 
phjTsis  pubis,  though  there  is  between  them  an  incomplete  septum; 
and  consisting  of  a  special  fibrous  membrane  and  the  internal 
spongy  tissue.  The  former  is  composed  of  white  fibrous  tissue  with 
numerous  elastic  fibres,  and  is  ^x  of  an  inch  thick ;  investing  the 
cavernous  bodies  externally,  and  giving  off  the  septum  between 
them,  as  a  thin  lamella,  partially  broken  up  into  separate  fibres  and 
laminae.  Within  it  lies  the  reddish  tpongy  substance,  couaistiug  of 
innumerable  fibres,  bars,  and  lamiuse,  united  into  a  fine  meshwork 


ities  (ihc 
le  fffcJi^ 


SJffl  THE  TISSUES. 

(tbe  trabecule);  and  the  miaitte  rounded  angular  caritiea  boanM 
by  the  latter,  and  comnmnicaling  on  all  sides.  These  cavities  (ihc 
venous  sinuses  of  tbe  cavernous  body)  are  all  lioed  by  a  ilelica 
BOaly  epitbelium,  which  often  does  not  admit  of  being  detacbe<l;  m 
are  naturally  filled  with  venous  blood.  The  trabeculse  are  oompi 
of  collagenous  and  clastic  tissue  in  nearly  erjual  proportioDS,  b 
ther  with  smooth  muscular  fibres ;  and  in  many  of  them  larg 
smaller  arteries  and  nerves  are  inclosed.  The  fascia  penia  i 
the  corpora  cavernosa  from  the  root  of  the  penis  to  the  j 
abounds  in  elastic  tissue,  and  contributes  to  the  formation  of  ibe 
suspensory  ligament  of  the  penis;  extending  from  its  dorsum  lo 
the  symphysis  pubis,  and  containing  much  elastic  tissue.  Estenial 
to  this  is  the  subcutaneiSug  areolar  tissue,  containing  a  layer  of 
smooth  muscular  fibres  continued  from  the  dartos  to  tbe  prepuce: 
and  finally  the  very  delicate  skin,  whose  peculiarities,  bo  for  as  its 
glands  are  concerned,  have  already  been  specified  (p.  487). 

The  arteries  of  the  penia  need  description  here  only  in  regard  to 
the  manner  in  which  they  supply  the  corpora  cnvemosa.  Very  small 
branches  run  in  a  convoluled  manner,  except  at  the  time  of  erection, 
in  the  axis  of  the  trabecule,  ramify  in  them,  and  ultiuiately  open 
into  the  venous  spaces  by  ramuscules  jj'oj,  to  u'^o  of  an  inch  in 
diameter.  (Fig,  381,  c.)  In  the  posterior 
part  of  the  penis  there  are  numerous 
mmute  arterial  trunks (,io  to  fja^^f^u 
inch),  lying  from  3  to  10  together,  and 
being  convoluted  in  a  peculiar  tendril- 
like  manner  (arteri^  helicinai);  though 
_jS^^9S^  "  ^'^^  terminating  in  ciecal  ends,  in  meet 

fiH^9^  instances  certainly,  as  they  were  sup- 

^^T  posed  to  do  by  J.  MiiUer.     (Fig.  8^1.) 

siii.li  iwfT  .,f  iho  cnnm"  »»*ri.o-    '^^^  arterial   ramification   ia  precisely 
nun.,  gini.goirnUwr»ibr»n«ii4ifid-     similar  in  the  corpus  spoM^'oswm  urct/uS 
iBCi^^oiii™!.^"!.!'^™ «n*    The  mns  commence  in  the  venous^ 
ubiuxi  idw  iha  inbecnUr  umm.  a     ceg^  which  intercommunicate  thro 
6,  w»ii  of  ih.  iineri™.  ^".piuJl^    oat;   from  which  short  efferent  ' 
""''"*■  carry  the  blood  to  the  superficial  ones. 

The  lymjihtUica  form  very  close  plexuses  in  the  coriiim  of  the  gUiu, 
and  the  prepuce,  and  the  remainder  of  the  integument,  and  commu- 
nicate with  the  superficial  inguinal  glands.     There  are  also  lymph- 


Fig.  381. 
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atics  ID  the  glans  around  the  urethra,  and  running  backwards  on 
that  canal  to  the  pelvic  glands. 

The  nerves  of  the  penis  from  the  internal  pudic,  go  to  the  skin  and 
the  mucous  membrane  of  the  urethra,  and,  in  very  small  amount,  to 
the  corpora  cavernosa;  while  all  those  from  the  sympathetic  are 
destined  to  the  latter.  The  former  nerve-fibres  terminate  like  those 
of  the  skin  generally;  of  the  terminations  of  the  latter,  nothing  is 
known. 

There  is  an  expansion  of  the  corpus  spongiosum  of  the  urethra 
opposite  the  root  of  the  penis,  called  the  hulb  of  the  urethra ;  and 
behind  this  is  the  membranous  and  then  the  prostatic  portion  of 
the  urethra — the  last  being  encompassed  by  the  prostate  gland. 

The  prostate  consists  partly  (one-third  to  one-half)  of  glandular 
substance,  and  the  rest  mainly  of  smooth  muscular  fibres.  1.  The 
glandular  portion  consists  of  30  to  50  compound  racemose  glands, 
generally  conical  or  pyriform,  situated  principally  in  the  more  ex- 
ternal parts  of  the  organ.  The  numerous  excretory  ducts  penetrate 
between  the  longitudinal  and  transverse  fibres,  and  open  into  the 
urethra  on  both  sides  of  the  capid  gallinaginis,  which  also  consists 
in  part  of  smooth  muscular  fibres.  The  c{»ca  of  the  prostate  gland 
are  lined  by  a  simple  scaly  epithelium ;  their  ducts  by  a  conoidal 
one.  2.  The  muscular  portion  of  the  prostate  consists — 1st,  of  an 
external  layer  of  circular  fibres  continuous  with  the  sphincter  ve- 
sicse,  extending  as  far  as  the  caput  galUnaginis ;  2dlyj  of  a  layer 
between  this  and  the  urethra,  composed  about  equally  of  areolar 
tissue  and  smooth  muscular  fibres,  extending  from  the  vesical  tri- 
angle to  the  caput  gallinaginis.  The  fibrous  coat  which  invests  the 
prostate  also  abounds  in  fasciculi  of  smooth  muscular  fibres. — The 
secretion  of  the  prostate  resembles  that  of  the  vesiculoe  seminales, 
next  to  be  described. 

2  and  3.  The  vesiculce  seminales  (Fig.  382),  with  the  ejaculatory 
ducts,  and  the  vasa  deferentia,  have  essentially  the  same  structure; 
consisting  of  an  external  fibrous  tunic,  then  a  layer  of  smooth  mus- 
cular fibres,  and  internally  a  mucous  membrane.  The  walls  of  the 
vesiculee  seminales  are  much  thinner  than  those  of  the  vasa  defe- 
rentia; the  latter  being  ^  to  ^  of  an  inch  thick,  while  their  whole 
diameter  is  ^'^  to  J  of  an  inch,  and  their  cavity,  or  lumen^  -^^  to  ^^  of 
an  inch.  The  ejaculatory  ducts  commence  from  the  prostatic  portion 
of  the  urethra  on  each  side  of  the  caput  gallinaginis,  and  become 
continuous  on  the  one  hand  with  the  vesiculse  seminales,  and  on  the 
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otber  with  the  vasa  deferentia. 
veaiculte  eeminales  are  mere  appendages  of 
the  vaea  deferentia,  furnished  with  aaoculur 
or  branched  processes  (Fig.  382),  their  mu- 
cous membrane  is  also  similar;  and  the  last 
remark  may  be  applied  also  to  the  ejacu- 
latory  ducta, — The  fluid  secreted  by  the  ve- 
siciiIcB  seminalea  is  clear,  rather  viscid,  and 
contains  an  albuminous  compound  identical 
with  that  contained  in  the  ejaculated  semco. 
Since  sperraatozoids  are  so  generally  con- 
taioed  in  it,  we  must  assign  to  these  append- 
ages the  double  office  of  secreting  a  peculiar 
secretion,  and  of  being  a  receptacle  for  the 
semen. 

The  vaaa  deferentia  have  a  muscular  coat 
,'f  to  j'o  of  an  inch  thick,  consisting  of  an 
external  layer  of  longitudinal  fibres,  a  middla 
""vl^toT"^  °io'i* ^d! t""^    ""^  '-'^  transverse  and  oblique  fibres,  and  an 
miiiaL  diicrHcDU.  (£,  iL  We-   internal  one,  constituting  not  more  than  one- 
''  fourth  of  the  whole  thickness,  of  longitadjnal 

fibres.  The  mucona  membrane  is  jjj  of  an  inch  thick,  yellowish 
white,  longitudinally  plicated,  and  in  the  widest  portions  of  the 
canal  presents  numerous  larger  and  smaller  fossee,  disposed  in  a 
reticular  manner.  The  deeper  two-thirds  of  the  corium  is  a  very 
closely  filled  structure  of  elastic  fibres,  while  the  remainder  is  more 
transparent.  The  epithelium  is  of  the  simple  scaly  variety,  the 
cells  almost  invariably  containing  some  brownish  pigment-granules. 
The  vessels  and  nerves  of  these  three  portions  of  the  genital  pm- 
ages  require  no  particular  description.  ^^| 

4.  The  testes  are  glands  inclosed  in  a  fibrous  tunic  (the  tnid^H 
albuginea),  which  also  sends   processes  into  the  interior  froialH 
thicker  portion  called  the  corpus  ffi^hmoriamtm.    (Fig.  177.)     Bat 
for  the  particulars  respecting  this  and  the  other  tunics,  as  well  as  tbo 
vessels  and  nerves,  we  refer  to  the  works  on  descriptive  anatomy. 

The  glandular  substance  of  the  testes  consists  of  100  to  250  pyri- 
form  lobules — not  everywhere  separated,  however — the  spices  all 
converging  towards  the  corpus  Highmoriaaum.  Each  of  theee 
lobules  18  formed  of  from  one  to  three  seminal  tubes  j",  to  ^^^  of 
an  inch  in  diameter;  which,  much  convoluted,  frequently  dividing, 
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and  perbops  also  anastomosiDg,  form  a  compact  substance,  and  ter< 
minate  at  thd  base  of  tbe  lobule,  either  in  csecal  extremities  or  in 


Wrndan  tt  tk«  l«Ui  ind  apldHruU. 
a.  LobnlH  ftmaad  of  lbs  HmlnifHoiulDtwi.   i.  RM«  I 
•flmul  Ttutli  (unei)  pturing  IdIo  tha  bad  (<  t)  of  Ihs  spldldjinla.    /.  Bod;  of  tha  apldldjaOi. 
9.  Appnidlx  (Tucalsm  abamu).    h.  Tall  ol  epIiUdrinli.    1  Th  ilararsni. 

loops.     {Fig.  383.)     Their  origin  in  coical  extremities  is  Bhown  by 
Fig.  884.     Though  joined  together  bj  some  areolar  tissue  and  ves- 


I.  Bllnit  aitraiBUlea 


sole,  the  tubes  in  each  lobule  may  be  separated,  and  their  length, 
according  to  Lauth,  is  from  13  to  33  indies.  Estimating  the  ave- 
rage number  of  lobules  in  each  testis  nt  175,  it  would  contain  from 


I 

I 


Fig.  386. 
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189  J  to  481  feet  of  tubing.  Out  at  the  apex  of  eacb  lobale  a  bb 
tube,  jljf  of  an  incb  in  diameter  (tubuli  recti),  passes  into  the  base 
of  the  corpus  Highniorianum.  These  form  a  very  close  plexua  (the 
rete  teatia),  from  the  upper  end  of  which  proceed  7  to  15  efferent 
canals  (vasa  efferentta  testis),  ^V  to  V^  of  a  line  in  diameter,  which 
traverse  the  tunica  albuginea,  and  are  continued  into  the  epidi<iy- 
mis.  Here,  contracting  to  g'g  to  jJn  "f  ^^i  inch,  they  are  convoluted 
in  precisely  the  same  way  as  in  the  lobules, 
but  without  dividing  or  anastomosing;  and 
thus  form  the  spermatic  cones.  These,  united  bv 
connective  tissue,  constitute  the  head  (globus 
major)  of  the  epididymis;  at  the  upper  and 
posterior  border  of  which  their  canals  gradu- 
ally coalesce,  and  thus  a  simple  duct  is  formed, 
t'b  to  jij  of  an  inch  in  diameter.  (Fig.  335.) 
This  duct  is  so  convoluted  aa  to  form  th« 
body  and  tail  (globus  minor)  of  the  epididy- 
mis;  and,  after  giving  off  usually,  a  ctecal 
prolongation  at  its  inferior  extremity  (vm 
aberrans),  is  ultimately  contiououa  with  tba 
vas  deferens,  already  described. 


Ji  tba    _ 


Structure  of  the  Seminiferous  7\ilta. 
ATi(-iraru>cminutegir>io>  Tho  ItdiuU  testis  coHsist  of  &n  ex' 
tnre  of  ih.  w.oi  1. 1.  Tu-  fibrous  coat,  a  basement- membrane,  and  nu 
HiihrnorKiiiiini.  s'.s.Tubnii  epithelium,  these  together  being  y^'o^  to  ,3'j, 
i^M "ti^»Moi«* '"itiw  °^  ""^  inab  thick.  The  first  averages  jo'on  "' 
iHtii.  B.  vmw emttmtiii.  7.  jo'05  of  an  inch  in  thickness,  is  tolerably  firm 
ihe .i^ni'mijor o"h'°BU*  ^"'^  extensible,  contains  no  smooth  muscular 
didj'inK.  *.  Boij  of  ihf>  fibres,  aod  rarely  any  indications  of  clastic 
mino/To'TMdefM9B«.''i'i!  tissue,  The  epithelium  is  simple  oonoidal, 
vuBnionnbiir™in,orbiind  approaching  to  the  scaly  variety.  In  youag 
subjects  the  cells  are  pale  and  finely  granulai; 
but  as  age  increases,  a  continually  increasing  quantity  of  &Uy 
granules  is  collected  in  them,  giving  the  seminal  tubes  a  light  yel- 
lowish, partially  brownish  color.  The  tubes  in  the  rete  testis,  how- 
ever, appear  to  be  mere  passages  in  the  dense  tissue  of  the  corpus 
Highmorianum,  lined  by  an  epithelium.  But  in  the  cones  the  fibrous 
coat  again  appears,  and  to  it  is  added  a  coat  of  smooth  muscular 
fibres,  continuous  upon  the  vaaa  deferentia,  as  before  described. 
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The  eontetUt  of  the  seminal  tabes  vary  according  to  age.  Pre- 
Tionsly  to  puberty,  they  coataio  nothing  but  minute  clear  cells, 
reaembliug  epithelial  cells.  At  this  period,  however,  the  tubes 
increase  in  size,  and  when  the  formation  of  aeraen  has  commenced, 
they  become  clear,  round  cella  and  cysta,  n'^,,  to  ,in  '*f  ^'^  '""^^  '>> 
diameter,  inclosing  from  1  to  10,  or  even  20,  clear  nucleolated 
nuclei,  jg'gg,  to  ,,'f  „  of  an  inch  in  diameter.  At  this  time,  also, 
the  epithelium  is  not  manifest,  the  cella  in  question  appearing  en- 
tirely to  fill  the  tubes  (Fig.  S86);  though  at  other  times,  especially 


in  advanced  years,  the  epithelium  appears,  containing  fat,  or  pig- 
ment-cells, surrounding  the  other  elements.  The  cells  and  cysts 
(spermatophori)  just  mentioned  are  the  precursors  of  the  semen; 
for  in  each  nucleus  a  spermatic  filament  (spermatozoid)  is  developed 
on  the  inner  wall,  as  a  spiral  corpuscle  with  two  or  three  turns. 
(Figs.8tj7  and  1 1 7.)  This  development  commences  in  the  tubuli  testis, 
but  it  is  not  completed  so  that  the  spermatozoids  become  liberated, 
till  they  reach  the  rete  testis  and  the  coni  vasculosi.  The  nuclei 
lirst  bursting,  the  spermatozoids  remain  for  a  time  in  the  cysts  or 
spermatophori,  the  heads  and  tails  together  when  numerous  (10  to 
20);  but  subsequently  the  spermatophori  also  burst,  in  the  epididy- 
mis, and  the  dense  entangled  crowd  thus  liberated  entirely  fill  its 
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Ei»  367-  tubes,  some  of  them  still  being  coUected'H 

BE^^L^^^Bj^  bundles.  The  process  of  development  .if 
4|^^ft'"^^^H^  usually  concluded  iu  the  lovrer  part  of  the 
^^^^    ^^^V       epididytnis,   though   transitional   forma  &n 

soraetimea  found  in  the  vas  deferens. 

The  2^re  semen,  as  found  in  the  vas  defe- 
rens, conaista  of  a  very  small  quantity  of  t 
viscid  fluid,  together  with  the  Hpermatozwds 
just  spoken  of;  and  for  a  description  of 
Midi  In  ih«  ipetDniopiiort  of  whlch  ws  refer  to  page  207,  and  Fig.  116. 
uier«biiH.^o.p*reni^«ii»iih  ggmgn^  ^s  emitted,  contains  the  secTetions  of 
HuuiniDj  ■  (iwrmiue  Bii-  the  vesiculffl  seminales,  and  of  Cowper's  mi 
Z^tubl^Z!^L^A.^X  tlie  prostate  gland,  in  addition  to  the  two 
A  pinni  oeu  with  MBrtni    elements  before  mentioned.     The  moi^emaiit 

>P«no»loioU»  <«t   freo  fr.im         „     .  ■         -j  .1-1-1 

ihBiH.i;nii,orMiijiofiMi.iop-  ot  the  spermatozoids  are  not  exhibited,  or 
m«(..Bdcoii.diogi.iwiB.  shghtly  if  at  all,  in  the  pure  semen  of  the 
vasa  deferentia ;  but  are  first  seen  in  the  leas 
concentrated  contents  of  the  vesiculse  aeminalea, — In  the  semen  of 
patients  who  have  suffered  attacks  of  double  epididymitis,  the 
spermatozoids  have  remained  absent  for  months,  and  even  yeam 
(Qosselin.)  In  those  broken  down  by  seminal  losses,  they  are  im- 
perfectly developed,  the  tails  being  rough,  irregular,  and  indistiocL 
{Lalkmand.)  Henle  slates  that  the  spermatozoids  move  at  the  rat* 
of  1  inch  in  7J  minutes. 

The  ejaculation  of  the  semen  is  principally  secured  by  the  strong 
muscular  layer  of  the  vasa  deferentia,  their  action  being  oIao  con- 
tinued by  the  vesiculse  seminales,  the  very  muscular  prostate,  and 
the  layers  of  smooth  muecle  inclosing  the  urethra;  to  which  nins< 
iilflo  be  added  the  action  of  the  striated  muscle!?,  levator  ani,  accele- 
rator urinie,  &c.  The  erection  of  the  penis  is  caused,  KcilUker  main- 
tuins,  by  the  relaxation  of  the  smooth  muscular  fibres  contained  in 
the  trabeculsB  of  that  organ,  and  the  consequent  daccid  state  of  the 
venous  sinuses  and  their  distension  with  blood.  Thia  is  not,  how- 
ever, a  satisfactory  explanation.  The  distension  of  the  sinuses  of 
the  corpora  cavernosa  and  the  corpus  spongiosum  with  blood  a^ 
apparently,  the  immediate  cause  of  erection;  this,  doubtless,  0 
coming  the  contraotile  force  of  the  smooth  muscular  fibres  i 
walls  of  the  trabecuhe  for  the  time  being. 
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II.  Sexual  Organs  of  the  Female. 

The  sexual  organs  of  the  female  are:  1,  the  vulva ;  2,  the  vagina; 
8,  the  uterus  and  oviducts;  and  4,  the  ovaries.  To  these  the  lacteal 
glands  must  also  be  added. 

1.  Of  the  external  genital  organs  of  the  female,  together  consti- 
tuting the  vulva,  the  clitoris  with  its  two  corpora  cavernosa  and 
glans,  presents,  on  a  small  scale,  precisely  the  same  conditions  as  the 
corresponding  parts  and  corpora  cavernosa  of  the  male ;  the  mus- 
cular elements  being  even  more  readily  isolated. 

The  mucous  membrane  of  the  vulva  has  a  submucous  layer  of  a 
spongy,  highly  vascular,  areolar  tissue ;  and  a  compound  scaly  epi- 
thelium, lii)  to  y^ij  of  an  inch  thick.  Its  cerium  ^  to  9^  of  an 
inch  thick,  is  everywhere  furnished  with  much  developed  papillae, 
xiir  to  11J9  of  an  inch  long  on  the  labia  minora,  and  sigtOY^^of 
an  inch  on  the  clitoris.  It  also  contains  sebaceous  glands  on  the 
labia  majora  (of  ^g  to  y^;  of  an  inch),  in  connection  with  hair-sacs; 
and  still  more  abundantly,  and  mostly  without  the  latter,  on  the 
labia  minora,  yj^y  to  is'y  of  an  inch  in  diameter;  and  sometimes  also 
round  the  orifice  of  the  urethra,  and  laterally  at  the  entrance  of  the 
vagina.  Common  racemose  mucous  glands  ^^  to  ^  of  an  inch  in 
diameter,  with  excretory  ducts  either  short,  or  even  \  an  inch  long, 
exist  around  the  orifice  of  the  urethra,  in  the  vestibule  and  the 
lateral  portions  of  the  entrance  of  the  vagina.  The  two  glands  of 
Bartholini  (Duvemey^s),  corresponding  to  Cowper's  glands  in  the 
male,  and  situated  at  the  inferior  extremity  of  the  bulbi  vestibuU,  are 
common  racemose  mucous  glands  }  an  inch  in  diameter,  with  pyri- 
form  cscca  lined  with  a  scaly  epithelium.  Their  ducts  are  7  to  8 
lines  long,  and  ^  a  line  wide,  having  a  longitudinal  layer  of  smooth 
muscular  fibres  external  to  their  mucous  membrane,  and  a  conoidal 
epithelium  jj^jf  of  an  inch  thick.  The  labia  majora  contain  com- 
mon adipose  tissue  in  their  interior. 

2.  The  walls  of  the  vagina,  ^^  of  an  inch  thick,  consist  of  an 
external  fibrous  coat,  a  middle  muscular  layer,  and  a  mucous  mem- 
brane. 1.  The  external  tunic  is  a  layer  of  areolar  tissue,  contain- 
ing plexuses  of  veins,  and  passing  without  any  line  of  demarcation 
into  the  middle  redder  layer,  consisting  of  areolar  tissue,  numerous 
veins,  and  some  muscular  fibres.  2.  The  latter  increase  during 
pregnancy,  and  becoming  ^hif  ^o  yji^  of  an  inch  long,  constitute  a 
true  muscular  niembrane.     3.  The  mucous  membrane  is  pale  red. 
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presents  numerous  folds  and  elevations  (columnar),  and  has  a  com- 
pound scaly  epithelium  tH  ^  tJy  <>^  ^^  ^^^^  thick,  like  that  of  the 
oesophagus;  its  scales  being  the  largest  in  the  body.  Its  cerium  is 
very  firm,  and  yet  very  extensible,  and  presents  numerous  conical 
or  filiform  papillae  (Fig.  389,  c),  six^  ^  tJtt  ^^  ^^  i^<^li  i^  length, 
and  -g^jj  to  ^ixr  ^^  *^  ^^^^  broad,  which  are  entirely  imbedded  in 
the  epithelium.  They  are  very  numerous  at  the  lower  part  of  the 
canal,  but  diminish  towards  the  as  uteru  It  has  no  glands  at  all, 
except  those  at  the  entrance,  already  described  (W.  Tyler  Smith*). 
The  hymen  is  merely  a  duplicature  of  the  mucous  membrane  of  the 
vagina,  and  contains  the  same  elements. 

The  bloodvessels  of  the  vagina  and  vulva  present  no  striking  pe- 
culiarities. The  lymphatics  of  both  are  numerous^  and  communi- 
cate partly  with  the  inguinal  glands,  and  partly  with  the  pelvic 
plexus.  The  nerves  derived  from  the  sympathetic  and  the  pudendal 
branches,  are  extremely  numerous,  especially  in  the  clitoris ;  and 
are  also  easily  found  in  the  mucous  membrane  of  the  vagina,  pre- 
senting divisions  also  in  both.  KoUiker  thinks  he  has  also  seen 
loops  in  the  rudimentary  axile  corpuscles  of  minute  non-vascular 
papillas  on  the  clitoris. 

8.  The  uterus  and  oviducis  (Fallopian  tubes)  consist  of,  1,  the 
peritoneal  coat,  which  presents  nothing  peculiar;  2,  the  muscular 
coat;  and  3,  the  mucous  membrane. 

The  muscular  coat  of  the  uterus  is  pale  red,  and  consists  of  three 
layers.  1.  The  external,  is  composed  of  longitudinal  and  transverse 
fibres,  the  former  intimately  united  to  the  peritoneum,  extending 
over  the  fundus  and  the  anterior  and  posterior  surfaces  of  the  cer- 
vix ;  while  the  transverse  fibres  surround  the  organ,  and  to  some 
extent  are  continued  into  the  round  ligaments,  and  upon  the  Fallo- 
pian tubes.  2.  The  middle  layer  is  the  strongest,  presenting  longi- 
tudinal, transverse,  and  oblique  flat  fibres,  and  containing  larger 
vessels,  chiefly  veins;  whence,  especially  in  the  pregnant  uterus,  it 
presents  a  spongy  appearance.  3.  The  inner  layer  is  also  formed 
of  slender  longitudinal,  and  stronger  transverse  and  oblique  fibres, 
forming  distinct  rings  at  the  commencement  of  the  Fallopian  tubes. 
In  the  OS  uteris  highly  developed  transverse  fibres  lie  immediately 
under  the  mucous  membrane  constituting  an  occlusor  of  it  (sphinc- 
ter uteri).     All  these  layers  are  pervaded  by  a  great  quantity  of 

'  On  the  Pathology  and  Treatment  of  Leucorrha?a,  pp.  20 — 29. 
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nucleated  embryonic  collagenous  tissue.  In  the  Fallopian  lubes,  the 
muscular  coat  is  thicker  io  the  inner  half,  and  consists  of  external 
longitudinal,  and  internal  transverse  fibres,  also  mixed  with  unde- 
veloped collagenous  tissue. 

The  mucous  memhrane  of  the  uterus  is  whitish-red,  }  to  1  line 
thick,  and  cannot  be  raised  from  the  musculur  coat,  it  is  so  closely 
connected  vith  it.  Indeed,  since  the  cerium  so  called,  also  con- 
tains smooth  muscular  fibres,  and  collagenous  tissue  without  any 
elastic  fibres,  it  has  no  clear  line  of  demarcation  from  the  muscular 
layer  underneath.  The  epithelium,  everywhere  except  in  the  canal 
of  the  cervix,  and  the  lower  third  of  the  uterine  cavity,  is  the  com- 
pound conoidal  ciliated  variety;  the  cells  being  i, J^r  of  an  inch  in 
length,  and  the  cilia  vibrating  from  without  to  within.  In  the 
cavity  of  the  uterus,  the  corium  presents  no  papillse,  but  occasion- 
ally a  few  large  folds.  It,  however,  contains  numerous  minute 
glands  ^laudulsQ  uterinee),  bearing  a  striking  resemblance  to  the 
LieberkUhnian  glands  of  the  intestines.  They  extend  through  the 
mucous  membrane,  being  gW  ^  tin  of  ^^  >"<ib  in  diameter,  and 
thickly  placed.  They  are  simple  or  bifurcated,  as  shown  in  Fig. 
388.  Their  orifices  are  even  jJd  of  an  inch  in  diameter;  and  they 
are  lined  by  a  simple  conoidal  and  not  ciliated  epithelium. 


!■(  At  imBcaBeBt  lad  olhtr  pgeullirltln*  of  tha  fitait  (d,  d,  d,)  irtth  Ihtir  artttm  {a,  a,  a.)  on 
tk*  Inunil  nib«  or  Ih*  orgin.    Twlca  tha  uitunl  (In.    l^tut  E.  B.  WiAtr.) 

The  mucous  membrane  of  the  canal  of  the  cervix  uteri  presents 
four  longitudinal  columns  of  rugre  or  folds,  the  latter  being  arranged 
.  in  an  oblique,  transverse,  or  curved  direction.  These  columns  are 
separated  by  four  longitudinal  grooves,  of  which  those  on  the  median 
line  anteriorly  and  posteriorly  are  the  most  distinct.  Sometimes 
the  grooves  arc  replaced  by  ridges.  The  two  lateral  grooves  ex- 
tend through  the  canal  to  the  angles  dividing  the  anterior  and  pos- 
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tenor  lipa  of  tbe  os  uteri.     Tbus  two  (larger)  columns  of  rags 
correspond  to  the  posterior  Up,  and  two  {smaller}  to  the  anterior. 


IhiUvLhH^ 


{Fig.  890.)    There  are  ten  to  fifteen  primary  rugse  visible  to  the 
naked  eye  in  each  column ;  between  which  many  secondary  rugfe^ 


itni,  Uld  o|«i.    IIuar«l  itn.    «.  Stt 


irregularly  arranged,  appear  under  the  microscope.  (Fig.  891.) 
Otlier  irregular  rugaa  are  also  found  above,  below,  and  between  tbe 
columns  juat  described.    All  these  fossie,  tbus  formed,  and  which 
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are  improperly  termed /oHi'cfes,  constilute  an  "open  glawl"  {Smllk); 
and  which  aecretea  the  cled,r 
viaciu  rnuous  ol  the  oervix 
uterL  Here  also  occur 
closed  vesicles  J  to  even  2 
lines  in  diameter  (ovula 
Uabothi),  composed  of  col- 
lagenous tissue  and  a  lining 
of  short  conoidal  cells,  and 
filli^l  with  a  whitish,  pearly 
coagulated  matter,  conlain- 
ing  glomeruli,  cytoid  cor- 
puscles, oil-d  rops,  and  some- 
times,  also,  cholesterine, — 
They  are  generally  sup- 
posed to  be  merely  closed 
mucous  follicles;  but  since 
they  sometimes  occur  where 
no  follicles  exist,  they  must, 
in  some  cases  at  least,  be  a 
pathological  new  formation, 
aa  cysW  very  oiYen  are  in 
other  localities.  In  the 
lower  third  or  less,  of  the 
canal  of  the  cervix  uteri, 
t.  e.  below  the  rugie  just  de- 
scribed, are  verrucose  or 
filiform  papillie  ^}jg  to  ^^ 
of  an  inch  long,  covered 
with  conoidal'  epithelial 
cells.  {W.Tyier  Smith,  Fig. 

3SM.C).  Papiiteoniyjto  ";';ir„^:J:M'i^w ;'-::!-::: •'.rr.r^;.';' 

^   as   large  as  these,  also 

abound  on  the  os  uteri  ilself.     {Fig.  S89,  B.) 

The  mucous  membrane  of  the  oviducts  (Fallopian  tubes)  is  thin, 
whitish-red,  sofY,  connected  to  the  muscular  coat  by  a  smull  ipian- 
tily  of  areolar  tissue;  and  presents  no  glands  nor  villi,  thouj^h  it 
has  a  few  longitudinal  folds.     From  tlio  uterus  to  tlie  free  border  of 


•  KitUiker  lUtu  Ihot  tbsM  wlla  ue  aim  eiliatad. 
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the  fimbriae  is  a  single  layer  of  conoidal  ciliated  cells,  uxj'iy^  to 
TiiVv  of  an  inch  long,  whose  cilia  vibrate  towards  the  uterus — or  in 
a  direction  contrary  to  those  of  the  uterine  cavity  itself.  They 
may  aid  in  the  passage  of  the  ovum  into  the  latter ;  but  cannot 
carry  the  semen  in  an  opposite  direction. 

The  rownd  ligaments  of  the  uterus  contain  longitudinal  bundles 
of  smooth  muscular  fibres,  suri'ounded  by  areolar  tissue ;  with  which 
are  associated  at  the  internal  abdominal  ring,  many  striated  muscu- 
lar fibres,  often  extending  nearly  to  the  uterus.  The  ligamerUs  of 
the  ovaries  also  contain  a  small  amount  of  smooth  muscula)*  fibres; 
and  between  the  two  folds  of  the  peritoneum  constituting  the  broad 
ligaments  of  the  uterus,  a  small  amount  of  these  fibres  is  continued 
from  the  uterus. 

Except  that  the  veins  are  large  and  very  thin-walled  (uterine 
sinuses),  the  bloodvessels  of  the  unimpregnated  uterus  present  no- 
thing for  special  description.  The  lymphatics^  probably  commenc- 
ing in  the  mucous  membrane,  are  very  numerous,  and  proceed  in 
part  to  the  pelvic  and  partly  to  the  lumbar  glands.  The  nerves^ 
from  the  hypogastric  plexus  and  the  pudendal  branches,  reach  the 
uterus  by  the  broad  ligaments,  and  ramify  from  the  body  to  the 
cervix,  being  most  abundant  in  the  latter.  Those  spread  out  upon 
the  surface  of  the  uterus  are  but  few  in  number.  {Dr.  Beck.)  They 
are  not  in  the  uterus  furnished  with  any  ganglia  {Kolliker),  contrary 
to  the  assertion  of  Dr.  Lee,  of  London ;  and  their  condition  in  the 
mucous  membrane,  and  their  terminations  elsewhere,  are  unknown. 

Changes  in  the  Uterus  at  the  Menstrual  Period,  and  in  Pregnancy. 

At  the  menstrual  period  the  whole  uterus  enlarges  and  its  tex- 
ture expands ;  principally,  doubtless,  from  the  distension  of  its  ves- 
sels. No  change  occurs,  apparently,  in  the  muscular  coat;  but  the 
mucous  membrane  becomes  thicker  (to  1  or  even  3  lines,  or  in  its 
projecting  folds  to  6  or  6  lines)  and  softer,  and  presents  easily  iso- 
lated uterine  glands,  1  to  3  lines  long,  and  ^J^  to  ^  J^^  of  an  inch 
broad — and  many  immature  round  and  pyriform  cells.  The  blood- 
vessels throughout  the  uterus,  and  especially  of  the  fundus  and  the 
body,  are  much  distended  with  blood.  This  is  especially  the  case 
with  the  superficial  capillary  plexus,  and  hence  the  bright  red  color 
of  the  mucous  membrane.  The  menstrual  fluid  consists  of  blootl 
poured  out  in  consequence  of  rupture  of  some  of  these  capillaries, 
with  cells  of  the  epithelium,  which  is  in  great  measure  thrown  off; 
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but  which  is  again  rapidly  restored  after  the  catamenial  period  has 
passed  (p.  176,  E.) 

In  pregnancy^  changes  of  a  very  different  character  occur;  the 
increased  bulk  of  the  organ  being,  however,  the  subject  of  main 
interest  here.  The  principal  changes  occur  in  the  muscular  struc- 
ture of  the  uterus;  and  these  have  already  been  described  on  page 
388.  But  the  mucous  membrane  also  undergoes  manifold  changes; 
it  being  also  first  affected.  As  early  as  the  second  week  in  preg* 
nancy  it  becomes  2  to  3  lines  thick,  is  softer,  redder,  has  more  pro- 
minent pliccK^  and  is  more  distinct  from  the  muscular  coat.  The 
uterine  glands  become  2  to  3  lines  long ;  and  a  new  formation  of 
areolar  tissue  has  taken  place  in  the  corium.  These  peculiari- 
ties become  more  marked  as  time  advances;  and  the  greater  part 
of  the  hypertrophied  mucous  membrane  is  transformed  into  the 
dtcidua  vera,  while  that  corresponding  to  the  attachment  of  the 
ovum  is  converted  into  the  placenta  uterina,  and  a  growth  from  the 
border  of  this  produces  the  refleoca  around  the  ovum.  No  epithe- 
lium exists  on  the  decidua  ader  the  first  month.  The  mucous  mem- 
brane of  the  cervix  takes  no  part  in  this  formation,  and  retains  its 
epithelium  (without  cilia),  during  the  whole  period  of  pregnancy. 

The  serous  coat  of  the  uterus  also  increases  in  thickness  during 
pregnancy,  but  less  than  the  mucous.  The  smooth  muscular  fibres 
also,  and  probably  the  striated,  increase  in  the  round  ligaments. 
The  bloodvessels  and  lymphatics  also  increase  in  length  and  calibre, 
and  the  nerves  appear  to  become  thickened  (though  it  is  doubtful 
whether  any  new  fibres  are  produced  in  them),  and  may  be  traced 
further  into  the  organ  than  at  other  times. 

The  return  of  the  uterus  after  parturition  to  a  state  similar  to, 
but  not  precisely  identical  with,  its  condition  previously  to  that 
state,  is  effected  (1,)  by  an  atrophy  of  the  muscular  structure,  so 
that  in  three  weeks  ader  parturition  the  fibres  are  as  short  as  in  the 
virgin  uterus  (p.  389);  and  (2,)  by  the  complete  removal  after  par- 
turition of  the  placenta  and  decidua,  so  that  the  membrane  has  to 
be  formed  anew. 

4.  The  ovaries  consist  of  two  coats,  the  peritoneal  and  the  fibrous 
(tunica  albuginea),  and  the  stroma.  The  last  is  a  grayish-red, 
tolerably  firm  substance,  composed  of  embryonic  areolar  tissue, 
which  contains  the  ovisacs,  or  Graafian  follicles,  and  the  vessels. 
The  ovisacs  are  entirely  closed  round  cavities  J  to  3  lines  in  dia* 
meter,  and  imbedded  in  the  more  peripheral  parts  of  the  stroma. 
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There  are  from  30  to  100  in  each  ovary,  and  often  even  200;  while 
in  old  women  only  2  to  10,  or  even  none  at  all,  are  to  be  found. 

Each  mature  ovisac  consists  of  a  membrane  and  contents.  The 
former  resembles  a  mucous  membrane,  consisting  of  (1,)  »  highly 
vascular  fibrous  layer  (tunica  fibrosa);  and  (2,)  an  epithelium.  Baer 
distinguished  the  outer  portion  of  the  fibrous  layer,  which  is  united 
to  the  stroma  by  a  loose  connective  tissue,  from  the  internal  thicker, 
softer,  and  reddish  portion.  The  epithelium  {membrana  grannloed^ 
lies  upon  a  basement-membrane,  is  tbVit  ^^  td^t^v  o^  &^  ^"^^  thick, 
lines  the  whole  sac,  and  on  the  side  of  it  towards  the  surface  of  the 
ovary,  presents  a  wart-like  thickening,  the  germinal  eminence  (cumu- 
lus proligerus).    This  is  -^^  of  an  inch  broad,  and  envelops  the 

ovum  to  be  described  further  on.   (Fiff.  392.) 

Pi(?.  392.  V     o  / 

Its  cells  are  polygonal,  with  large  nuclei  and 
frequently  yellowish  fatty  granules  disposed 
in  several  layers.  (Fig.  145.)  The  contents  of 
the  ovisac  within  the  membrana  granulosa  are 
(1,)  a  clear  light  yellowish  fluid  of  the  density 
of  the  serum  of  the  blood  {liquor  foUiculi);  al- 
most always  containing  (2,)  isolated  granules, 
nuclei,  and  cells  detached  from  the  mem- 

Grasflan  follicle  of  the  notr.    brana  grauulosa. 
a     External,  b,  internal    layer  rp^  ^^^^^  ^  ^^^  ^^  ^^  rp^jg  jj^ 

of  the  flbrouB  membrane  of  the  '  °° 

follicle,  c.  Membrana  grannioaa.  closc  upou  thc  fibrous  membrane  of  the  ovi- 
tJ^::iTZi:ioT7T.  «ac,  on  the  side  of  the  latter  looking  to  the 
membrana  granulosa.  /.  Ovum  suffacc  of  thc  ovary,  and  imbedded  in  the 

with  a  zona  Dollucida,  vltoUas,  n  i»  ^1  •       i  •  i.    /•  j 

«ad  gorraii,.!  T«.icic.-Magni.  cclls  of  the  germinal  eminence  before  de- 
ned  about  10  diameters.  {Krui-  scribed.     When  the  ovisac  bursts,  the  ovum 

escapes,  completely  inclosed  by  the  cells  of 
the  eminence  and  the  contiguous  portion  of  thc  epithelium,  consti- 
tuting the  germinal  disk  (discus  proligerus).  The  ovum  itself  is  a 
spherical  vesicle,  ^'g  to  yi^y  of  an  inch  in  diameter,  possessing  the 
nature  and  constitution  of  a  simple  cell,  though  in  some  respects 
peculiar.  The  cell  wall  (vitelline  membrane),  is  a  simple  mem- 
brane, is  usually  -^ji^jjjf  to  j^Vif  of  an  inch  thick,  very  elastic  and 
firm,  and,  surrounding  the  contents  as  a  clear  transparent  ring,  is 
called  zona  pellxLcida,  (Fig.  393.)  The  cell  is  completely  filled  by 
the  light-yellowish  yolk.  This  is  a  viscid  fluid  having  many  minute 
pale  granules  dispersed  in  it,  and  fatty  granules;  besides — in  thefully 
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fbnued  ovntn — a  well-marked  vesicolar  nuclens,  the  germinid  vesicle. 
This  is  g^^  of  an  inch  in  diameter  with  clear  contents;  and  a  ho- 
mogeneous round  nucleolus  (of  jbVt  of  an  inch)  on  ita  eurface — 
tJu  germinal  spot.    (Figs.  65  and  398.) 

The  arteries  of  the  ovary  enter  from  ^«-  ^*^- 

its  inferior  border,  and  terminate  partly 
in  the  stroma,  and  partly  in  the  walls 
of  the  ovisacs,  where  ia  an  inner  finer 
plexus  of  capillaries  extending  to  the 
basement-membrane  under  the  raem- 
brana  granulosa.  A  few  lymjikiUica 
come  out  from  the  hilut  ovarii,  and  pro- 
ceed to  the  lumbar  and  pelvic  glands. 
The  nerves  come  fVom  the  spermatic 
plexus,  and  enter  the  ovary  with  the 
arteries.  Their  ultimate  distribution  is 
not  yet  ascertained. 

The  ovisacs  are  constantly  becoming 
matured,  and  then  burst  as  above  men- 
tioned, from  the  commencement  of  pu- 
berty till  menstruation  ceases;  this  oc- 

cuxriug  principally,  but  not  exclusively,  viuiiRimUu  o...  rpp.!  egan  bd 
at  the  menstrual  period.  As  they  ap-  i"""'"".  "*  «>•  '™','  "*"■" 
proach  the  time  of  bursting,  they  »c-  oenaiMi  THtna.  4  <i«noiD»i  .poi. 
quire  a  diameter  of  4  to  6  lines,  and  at  l^'^^p"^'^"'";"^;^,!!^'^'!^ 
length  project  beyond  the  anr&ee  of  »,»^""'Bm"iii«i'<i»iei«  !■•»•««■»»* 
the  ovary.    Meantime  the  tunica  albu- 

ginea  and  the  peritoneal  coat  become  thinner,  and  at  length  give  way; 
when  the  ovum,  being  situated  at  the  point  of  rupture  as  before  ex- 
plained, escapes,  surrounded  by  the  germinal  disk,  and  makes  its  way 
into  the  uterus  through  the  Fallopian  tube.  The  empty  ovisac  if 
DOW  termed  a  corpus  luteum.  (Fig.  894.)  Occurring  in  the  ordinary 
course  of  menstruation  they  are  termed /a&a  corpom  lutea;  and  true 
corpora  lutea,  if  in  connection  with  impregnation  of  an  ovum. 
Fig.  595  represents  three  corpora  lutea  of  pregnancy,  at  two  days 
and  at  twelve  weeks  after  delivery  and  in  the  sixth  week  after 
conception ;  but  a  particular  description  of  them  ia  out  of  place 
here.  The  yellow  plicated  appearance  in  the  interior  is  due  to  the 
thickened  condition  of  the  fibrous  membrane  of  the  ovisac;  and 
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tbe  contents  are  the  blood  poured  out  upon  tlie  rupture  of  the  ovi- 
BBC,  with  some  remains  of  its  original  liquid  contents.' 


In  respect  to  ihe/unciion  of  the  female  genital  organs,  it  may  be 
here  remarked  merely  that  the  E'allopiau  tubes,  aa  well  as  the  utema 
and  the  vagina,  manifest  molar  phenomena.  Tbe  application  of  the 
Fallopian  tubes  to  the  ovaries  to  receive  the  ovum  into  their  fim- 
briated extremity,  is  doubtless  secured  by  the  action  of  their  raus- 


'  For  the  roost  atiiataxtorj  acoonnt  of  the  cuirpos  lutenro,  tf 
Prize  SMI.J,  Traimicliom  0/  Amer,  Med.  AimtialioH,  vol.  Iv. 
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cular  fibres.  The  muscular  structure  of  the  uterus  may  act  all  at 
once,  or  only  a  part  at  a  time;  as  during  parturition,  the  os  and 
cervix  are  at  first  at  rest,  while  the  fundus  and  body  are  contract- 
ing. In  convulsions,  the  whole  uterus  contracts  firmly  round  the 
child  {Kolliker) ;  in  retention  of  the  placenta,  the  contraction  is  con- 
fined to  the  fundus.  The  author  is  convinced  that  during  the  or- 
gasm  a  descent  of  the  uterus,  an  opening  of  the  os,  and  a  dilatation 
of  the  canal  of  the  cervix  take  place. 

The  sensibility  of  the  interior  of  the  uterus  is  very  slight ;  care- 
ful sounding  of  its  cavity  usually  causing  no  pain,  and  intra-uterine 
instruments  being  worn  by  many  patients  in  the  treatment  of  ute- 
rine displacements,  with  very  little  inconvenience.  The  vagina 
also  has  but  little  sensibility  internally.  The  most  sensitive  parts 
of  the  vulva  are  the  clitoris,  and  the  entrance  to  the  vagina  at  the 
orifice  of  the  glands  of  Duverney. 

The  mucous  secretions  from  the  genital  passages  of  the  female 
have  already  been  specified  (p.  198).  For  the  changes  undergone 
by  the  impregnated  ovum  during^ its  development  in  utero^  consult 
the  works  on  Embryology.  The  original  development  of  the  fe- 
male genital  organs — very  analogous  to  that  of  the  male  organs 
during  the  first  part  of  embryonic  life — will  also  be  omitted  here. 

5.  The  Lacteal  Olands. 

The  lacteal  glands  are  of  the  compound  racemose  variety,  cor- 
responding in  all  essential  particulars  with  the  parotid  and  the  pan- 
creas. Each  gland  consists  of  16  to  24  or  more  flattened  lobes  ^  to 
1  inch  wide,  and  which  are  composed  of  lobules  connected  by  areolar 
tissue,  containing  many  fat-cells.  The  terminal  caeca  of  the  lobules 
are  rounded  or  pyriform,  and  s^vtojlyofan  inch  in  diameter. 
(Figs.  398,  and  115.)  The  smallest  ducts  leading  from  these  have  a 
simple  scaly  epithelium;  and  these  uniting,  form  the  larger  trunks. 
Each  of  the  latter  running  towards  the  nipple,  dilates'  beneath  the 
areola  into  an  elongated  sac,  J  to  J  of  an  inch  wide;*  then  con- 
tracting to  1  or  even  ^  a  line,  it  bends  into  the  nipple,  and  finally 
opens  at  its  apex  in  a  separate  orifice,  ^'^  to  ^\f  of  an  inch  in  dia- 
meter, between  the  papillae  which  exist  there.  (Figs.  306,  307,  308.) 
These  ducts,  about  20  in  number,  are  lined  by  a  so-called  mucous 
membrane,  longitudinally  plicated  in  the  largest,  and,  deep  in  the 

'  Tlicse  reservoirs  in  the  cow  hold  eveu  a  quart. 
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gland,  contaioing  longitudinal  smooth  muacular  fibres,  {ffatle^ 
The  epithelium  13  coQOtdal  in  tbe  larger  ducts,  and  scaly  in  tbe 
smaller. 


-UifnlSed  TOdUlnden.    (foii- 


The  nipple  and  areola 
tain  many  Bmooth  muscuW 
fibres  (p.  477),  and  which  are 
much  increased  in  pregnancy. 
Its  compound  papillie  are  tlo 
to  aJs  of  "1  ineli  long;  and 
their  dire<!tiun  ia  from  the  base 
towarcla  the  apex  of  the  nipple. 
The  cuticle  is  not  more  than 
jnSin  of  an  inch  thick;  while 
the  Malpighian  layer  ia  jj„  of 
an  inch  thick,  and  colored  in 
the  deeper  portion.  Over  di*, 
glanil  itself,  the  papillte 
atnall  and  simple,  and  the 
thelium  still  iiner.  In 
areola,  but  not  on  the  nipple, 
there  are  large  sebaceous  folli- 


ak 
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cles,  with  fine  hairs  often  visible  on  the  exterior ;  and  sudoriparoaa 
glands,  often  with  peculiar  contents. 


9  mil  of  th>  darlK,  null  the  iwn  » 
tun*.     (Ha(BiBsdlMdluiM«i.l 


Fig.  3B<}. 


The  bloodvessels  present  nothing  pe- 
culiar, except  the  venous  circle  in  the 
areola  (circulua  venosus  Ilalleri). — 
Lymphatics  abound  in  the  skin,  but 
ore  not  found  in  the  gland.  The  Bame 
remark  also  applies  to  the  nerves;  ex- 
cept that  a  few  fine  twigs  are  foand 
accompanying  the  vessels. 

The  secretion  of  the  lacteal  glands, 
the  miVc,  has  already  been  described 
(pp.  202-5).  In  their  development  the 
lacteal  follow  the  same  course  as  the 
cutaneons  glands,  being  at  first  merely 
a  solid  projection  of  the  stratum  Mai- 
4)ighii. 

The  structure  of  the  lacteal  gland  in  the  new-born  child  is  shown 
by  Fig.  399. 
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CHAPTER  XVI. 

THE   RE3FIRAT0RT  OROAKa 

The  respiratory  apparatus  consists  of  the  nasal  passages ;  the 
upper  part  of  the  pharynx;  the  larynx;  the  trachea;  and  the  luoga. 
The  mucous  membrane  lining  all  these  constitutes  the  air-pastagn, 

1.  The  raucous  membfane  alone  of  the  nasal  passages,  needs  to 
be  described  here.  It  is  continuous  with  the  skin  of  the  nose  at 
the  entrance  of  the  nostrils,  and  with  the  mucous  membrane  of  the 
eye  through  the  lachrymal  passages.  It  is  intimately  connected 
with  the  periosteum  of  the  nasal  passages,  in  the  sinuses  and  some 
other  parts;  but  on  the  spongy  bones  and  the  septum,  forming  the 
direct  passages  to  the  pharynx,  it  is  thicker,  having  a  submucoua 
layer  of  areolar  tissue  containing  plexuses  both  of  arteries  and 
vetDS.  The  corium  presents  papillce  resembling  those  of  the  skin, 
just  within  the  nostrils.  Its  epithelium  is  of  the  compound  scaly 
variety,  like  that  of  the  skin,  to  the  distance  of  about  j  of  an  inch 
within  the  nostrils,  where  it  becomes  the  compound  conoidal  cili- 
ated epithelium,  there  being  two  layers  of  cells  (Fig.  400) ;  and 

Fig.  400. 


thus  continues  througli  the  nasal  passages,  except  over  the  olfac- 
tory region  (p.  449).  The  same  epithelium  also  extends  over  the 
upjjer  portion  of  the  pharynx,  posteriorly  to  the  level  of  the  larynx, 
and  in  front  over  the  posterior  surface  of  the  velum — this  portion 
couaiituting  a  part  of  the  air-passages,  as  already  stated  (p.  oi'i). 
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This  part  also  of  the  mucous  membrane  of  the  pharynx,  abounds  in 
glands.  1.  Racemose  mucous  glands  ^'^  to  ^^  of  an  inch  in  diameter, 
form  a  perfectly  continuous  layer  on  the  posterior  wall  around  the 
Eustachian  tubes,  and  on  the  posterior  surface  of  the  velum.  2.  Closed 
follicular  glands,  simple  as  well  as  compound,  are  met  with  on  the 
vault  of  the  pharynx,  where  the  mucous  membrane  is  closely  attached 
to  the  base  of  the  cranium.  A  glandular  mass  extending  from  one 
Eustachian  opening  to  the  other,  and  1  to  4  lines  thick,  is  constantly 
found  here.  This,  in  aged  persons,  frequently  presents  large  cavi- 
ties filled  with  puriform  masses.  Other  glands  also  exist  upon  the 
sides  of  the  pharynx,  and  on  the  posterior  surface  of  the  velum, 
which  probably  have  the  same  structure  as  the  mucous  sacs  on  the 
base  of  the  tongue  (p.  520).  • 

2.  The  larynx  and  trachea^  with  the  continuations  of  the  latter 
into  the  lungs  (bronchial  subdivisions),  resemble  in  form  the  excre- 
tory ducts  of  the  compound  racemose  glands,  which  the  lungs  may, 
in  fact,  be  regarded  as  being.  The  larynx  has  a  framework  of  car- 
tilages with  their  connecting  ligaments ;  the  thyroid,  cricoid,  and 
two  arytenoid  being  true  (hyaline)  cartilages.  The  epiglottis,  how- 
ever, and  the  cartilages  of  Santorini  and  Wrisberg,  are  reticular 
cartilages  (p.  314);  .and  the  cariilago  triticea  is  common  fibro-carti- 
lage.  Of  the  ligaments^  the  middle  crico-thyroid,  and  the  inferior 
thyroarytenoid  (^ordce  vocales)  contain  a  preponderance  of  elastic 
fibres,  and  are  of  a  yellow  color.  The  other  ligaments  and  the 
hyo-thyroid  membrane,  also  contain  an  abundance  of  this  element 
To  the  cartilages  and  ligaments  just  mentioned,  the  striated  muscles 
of  the  larynx  are  attached;  but  which  present  nothing  peculiar  to 
the  histologist. 

The  mucous  membrane  of  the  larynx,  continuous  with  that  of  the 
mouth  and  pharynx,  is  smooth  and  whitish-red,  and  above  the 
chordas  vocales,  has  an  abundant  layer  of  areolar  tissue  under  it* 
The  membrane  is  very  closely  adherent  to  the  vocal  ,cords,  and 
where  it  lines  the  larynx  below  them ;  and  is  prolonged  into  its  ventri- 
cles. Its  corium  presents  no  papillse,  and  its  outer  portion  abounds 
in  elastic  networks.  The  epithelium  on  the  epiglottis  is  compound 
scaly,  like  that  of  the  oral  cavity.  At  its  base  and  above  the 
upper  vocal  ligaments,  commences  the  compound  conoidal  ciliated 
epithelium^  lining  the  air-passages  throughout.  It  is  here  com- 
posed of  several  layers  of  cells,  and  is  ^^J^y  to  ^  J,y  of  an  inch  thick. 
The  external  {ciliated)  cells  are  giiy  to  ^J^  of  an  inch  long,  by  %Jji^ 
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to  Y^iri7  of  an  incli  broad,  on  the  average,  with  elongated  roond 
nuclei,  and  occasionally  a  few  fat-granules.  The  cilia  are  fine 
transparent  processes  of  the  cell-membrane,  ^^j^  to  ^J^  of  an  inch 
long,  rising  in  a  broader  basis  and  terminating  in  a  pointed  extre- 
mity. They  have  been  described  on  page  243 ;  their  motion  some^ 
times  continuing  72  hours  after  death.  It  should  be,  however,  re- 
marked that  the  epithelium  on  the  vocal  cords  is  a  scaly^  and  not  a 
conoidal  ciliated  one ;  as  discovered  by  H.  Bheiner. 

The  mucous  membrane  of  the  larynx  also  contains  a  large  num- 
ber of  minute  racemose  glands  (^^i^  to  3*7  of  an  inch),  like  those  of 
the  mouth,  pharynx,  &C.,  with  csdca  lined  by  a  scaly,  and  ducts  by 
a  conoidal,  epithelium.  They  occur  sparsely  on  the  posterior  sur- 
face of  the  epiglottis.  At  the  entrance  of  the  larynx  in  front  of 
the  arytenoid  cartilages,  they  form  a  large  mass,  a  horizontal  por- 
tion of  which  envelops  the  cartilage  of  Wrisberg,  while  another 
dips  down  into  the  laryngeal  cavity.  Glands  also  abound  in  the 
external  wall  of  the  ventricles  of  the  larynx,  behind  and  above  the 
sacciform  ligaments.    All  these  glands  secrete  pure  mucus. 

The  bloodvessels  of  the  larynx  are  numerous,  but  require  no  spe- 
cial description.  The  numerous  lymphatics  are  received  by  the 
deep  cervical  glands.  Of  the  nerves,  the  mor^  sensitive  superior 
laryngeal  contains  more  fine  fibres ;  while  the  inferior  laryngeal  has 
more  thick  fibres.  {Bidder,  Vokkmann),  They  germinate  in  the 
muscles,  the  perichondrium,  and  especially  in  the  mucous  mem- 
brane. The  branches  going  to  the  epiglottis  are  furnished  with  mi- 
croscopic ganglia. 

3.  The  trachea  contains  a  series  of  rings  of  true  cartilage,  each 
completing  about  |  of  a  circle;  and  between  their  separated  extre- 
mities is  a  transverse  layer  of  smooth  muscular  fibres.  On  the 
outer  aspect  of  this,  are  isolated  longitudinal  muscular  fasciculi, 
rising  by  minute  tendons  of  elastic  tissue  partly  from  the  inner 
surface  of  the  ends  of  the  tracheal  rings,  and  partly  from  the  ex- 
ternal fibrous  membrane;  which  covers  the  cartilages  as  a  perichon- 
drium, and  at  the  same  time  the  muscular  layer,  and  connects  the 
difierent  cartilages  together. 

The  miLcom  membrane  of  the  trachea  has  a  layer  of  close  areolar 
tissue,  xi?y  of  an  inch  thick  beneath  it,  and  its  corium  consists  of 
two  layers:  1,  an  external,  of  areolar  tissue,  yi^r  of  an  inch  thick, 
and,  2,  an  internal,  yellow,  ^\  to  jj^  of  an  inch  thick,  almost  en- 
tirely composed  of  longitudinal  elastic  fibres.     The  epithelium  is 
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ciliated  as  in  the  larynx,  and  differs  in  no  respect  from  the  latter. 
The  glands  in  the  mucous  membrane  of  the  trachea  are  numerous; 
the  larger  occurring  more  in  the  posterior  wall,  externally  to  the 
muscles  and  the  whole  mucous  membrane,  while  the  smaller  are 
more  numerous  on  the  anterior  wall,  and  just  exterior  to  the  elastic 
layer  of  the  membrane.  The  larger  have  a  scaly  epithelium  in 
their  cseca;  while  the  smaller,  being  only  simple  or  bifurcated 
follicles  in  the  thickness  of  the  membrane  itself,  have  a  conoidal 
epithelium. 

The  bloodvessels  have  their  larger  branches  running  longitudi- 
nally, while  the  superficial  capillary  plexus  is  close  beneath  the 
basement-membrane. — The  lymphatics  are  abundant;  commencing 
(in  one  case)  in  wide  meshed  plexuses,  -^^jsjsjs  to  ^^^^  of  an  inch 
broad,  of  thin-walled  vessels  giving  off  caecal  processes.  (Kblliker.) 

4.  The  lungs  are,  structurally,  to  be  regarded  as  two  compound 
racemose  glands;  and  an  accurate  knowledge  of  the  structure  of 
one  of  the  lobules^  therefore,  implies  that  of  a  whole  lung.  The 
lungs  are  invested,  however,  externally,  by  a  serous  membrane,  the 
pleura ;  which,  like  the  peritoneum,  forms  a  closed  cavity,  and  con- 
sists of  two  portions — the  pleura  costaUs  lining  the  thoracic  cavity, 
and  the  pleura />uZ77k>naZts,  directly  adherent  to  the  lung.  In  struc- 
ture, also,  the  pleura  entirely  corresponds  with  the  peritoneum  (see 
p.  523);  the  parietal  layer  being  the  thicker  and  most  adherent, 
and  its  epithelium  being  the  simple  scaly  variety.  The  pulmonary 
layer  is,  however,  the  more  vascular. — Nerves^  with  fine  and  coarser 
fibres,  are  sent  to  the  parietal  layer,  from  the  phrenic  and  the  sym- 
pathetic (Jjusdika)]  and  Kiilliker  has  seen  medium  and  thick  nerve- 
fibres  accompanying  the  branches  of  the  bronchial  arteries  in  the 
pleura  costalis,  and  occasionally,  large  scattered  ganglion-cells  also. 

The  lung  proper  consists — \si^  of  the  continuations  of  the  traehea 
(the  bronchi  and  their  subdivisions)  into  the  air-cells;  2dly^  the  ves- 
sels and  nerves;  and,  Zdly^  the  connective  tissue  binding  all  these 
elements  together  in  the  lobules. 

1.  The  bronchi  and  their  subdivisions  in  the  lung  have  the  same 
structural  elements  as  the  trachea,  on  a  diminished  scale ;  except 
that  the  cartilaginous  rings  entirely  disappear  in  the  finer  subdi- 
visions (under  i}^  of  an  inch),  and  in  the  finest  the  fibrous  tunic 
coalesces  with  the  mucous.  The  smooth  muscular  fibres  constitute 
a  completely  continuous  layer  in  the  smaller  subdivisions,  and  ter« 
minate  J  of  an  inch  short  of  the  last  air-cells  to  which  they  lead. 
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Tbeir  appe&rance  in  twigs  ^Jg  to  f|]  of  an  inch  in  diumeter  is 
shown  by  Fig.  401.   Finally  the  bronchi  end  in  the  lobular  passagtt. 
The  mvcous  memh-ane  lining  the  bronchi  and 
Fig.  401.  their  subdivisions  is  at  first  like  that  of  the  tra- 

chea, but  gradually  becomes  extremely,  thin  in 
tubes  of  less  than  ,',  of  an  inch.  It  everywhere 
consists  of  a  layer  of  elastic  fibres,  a  basement- 
membrane  scVt  to  ],^7  of  an  inch  thick,  and  a 
ciliated  epithelium.  The  last,  even  down  to  tubes 
1  line  in  diameter,  contains  several  layers  of  cells; 
■  but  is  finally  reduced  to  a  single  layer  of  conoida] 
ciliated  cells,  ^^^  of  an  inch  long.  In  the  larger 
branches,  racemose  mucous  glands  are  also  found, 
but  these  are  wanting  in  lubes  of  less  than  1  to 
IJ  line  in  diameter.  The  subdivisions  of  the 
bronchial  tubes  do  not  anastomose.  The  air-cells 
will  be  described  in  speaking  more  particularly 
of  the  lobules. 

2,  The  pulmonary  arteries  enter  the  substance  of  the  lung  in 
company  with  the  bronchi,  and  follow  their  subdivisions  also, 
though  more  frequently  dividing  dichotomouslj,  and  hence  more 
rapidly  diminishing  in  size.  Finally,  the  terminal  branches  occa- 
sionally, but  not  regularly,  anastomosing,  merge  exclusively  into 
the  capillary  plexus  of  the  air-cells  in  each  lobule — to  be  described 
further  on — except  a  few  fine  branches  to  the  pleura,  (ffenk.)  The 
pulmonary  veins  rise  from  this  plexus,  in  radicles  more  superficial 
than  the  arteries,  and  more  external  in  the  smallest  lobules;  and 
unite  to  form  larger  trunks,  proceeding,  in  great  part  isolated  from 
the  arteries,  through  the  pulmonary  substance. — The  bronchial  arte- 
ries are  distributed — ls(,  to  the  larger  bronchial  tubes ;  idly,  to  the 
pulmonary  veins  and  arteries,  as  their  vasa  vasorum  (to  the  latter 
even  j',  of  an  inch  in  diameter);  and,  Zdly,  to  the  pleura  pulmonalis. 
They  do  not  go  to  the  mucous  membrane  at  all,  and  do  not  anasto- 
mose with  the  pulmonary  artery  or  vein. — The  lymphatics  are  nume- 
rous, but  require  no  distinct  description.  The  bronchial  lymphatic 
glands  are  both  numerous,  and  colored  dark  brown  or  black  by  a 
carbonaceous  deposit.  The  rterves,  from  the  pneumogastric  and  the 
sympathetic,  are  furnished  in  the  interior  of  the  lung  with  micro- 
scopic ganglia,  and  may  be  traced  nearly  to  the  termination  of  the 
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bronchial  aubdivisioos.    They  accompany  the  pulmonary  artery, 
ftod  occasionally  the  veins  and  the  broocbial  arteries. 

8.  The  interlobular  connective  tissue  of  the  lunga,  everywhere 
existing  very  sparingly,  is  the  common  areolar,  containing  in  the 
•dalt  a  quantity  of  blackish  pigment  in  the  form  of  irregular  minute 
grannies,  aggregations  of  granules,  or  crystal^  but  which  are  never 
inclosed  in  cells.  They  also  frequently  exist  in  the  walls  of  the 
air-cells  themselves  (p.  1S2). 

The  pulmonary  lobules  are  Sar  more  distinct  in  the  infant  and 
child  than  in  the  adult.  In  the  latter,  they  are  so  intimately  united 
tliat  even  on  the  surface  of  the  lung  their  outlines  are  but  imper- 
fectly perceived.  They  are  ^  to  ^j  of  an  inch  in  diameter.  The 
tecondary  lobules,  however — J  to  1  inch 
in  diameter — are  very  apparent,  being  Kg.  402. 

bounded    by   streaks    of   pigmentary 


Each  lobule  is  of  a  more  or  less 
conical  or  pyramidal  form,  and  consists 
at— A,  a  terminal  bronchial  tube;  B, 
the  air-cells ;  and  c,  the  capillary  plex- 
us; besides  the  nerves  and  some  con- 
nective tissue. 

A,  The  terminal  air-tuies  are  from 
fljf  to  ,f\  (b'o  to  ^'g  of  an  inch — Ibdd 
and  Bowman)  of  an  inch  in  diameter. 
They  enter  at  the  apex  of  the  lobule, 
and,  passing  nearly  in  its  axis,  termi- 
nate in  the  lobular  passages  and  infuo- 
dibula  (the  former  being  3(0  to  rin  *^^ 
an  inch  in  diameterX  as  shown  in  Fig. 
402.  The  air-cells  open  into  the  in- 
Aindibala,  and  their  appearance  in  the 
lobule,  as  seen  from  without,  is  shown 
by  Fig.  408. 

B.  The  air-cells  are  grouped  around 
and  open  directly  into  the  infuudibula. 
A  few,  indeed,  open  thus  into  the  air- 
tube  before  it  divides.  (Fig.  408.)  Thus 
a  honey-comb  appearance  is  aSbrded 
by  the  cells,  as  seen  in  their  relations 
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to  tbe  iufundibula,  in  sections  of  the  latter,  (Fig.  404.)  There  are 
about  18,000  air-cells  in  communication  with  each  terminal  air- 
tube,  and  the  number  of  cells  in  both  lungs  is  estimated  at  600 
millions,  {Rochoux.)  The  size  of  the  cells  varies  considerably; 
they  being  after  death,  and  when  not  distended  with  air,  from  ,{) 
to  A  of  an  inch  in  diameter. 


Fig.40B. 


They  may,  however,  be  dia 
tended  to  two  or  three  times 
this  diameter  without  rup- 
turing; and  are,  probably,  at 
least  one-third  larger  during 
life  than  after  death.  In  a 
collapsed  lung,  they  are  usu- 
ally of  a  rounded  ova!  form; 
when  inflated,  they  are  round- 
ed angular;  and  those  on  thu 
surface  of  the  lung  are  inva- 
riably polygonal,  and  their 
external  aides  almost  alway: 
plane. 

In  utmcture,  they  pi 
merely  a  wall  (fibrous 
brane)   and    an    epitheli 
The  former  has  been  reganl- 
ed  aa  the  attenuated  mucous 
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membrane  and  fibrous  tunic  of  the  bronchial  tubes  (Kollilcer);  but 
it  is,  in  fact,  made  up  of  elastic  tiseuo  and  vessels,  in  a  homogeneous 
matrix.  The  elastic  fibres  present  the  form,  chiefly,  of  separate 
trabecule  and  Slameuta,  running  between  the  epithelial  linings  of 
the  air-cells,  and  supporting  the  capillary  vessels,  (t'ig.  405.)  By 
anastomosing  with  each  other,  they  constitute  a  firm  frame,  on 
which  the  aolter  vessels  are  stretched,  while  over  them  the  epithe- 
lium is  laid.  These  elastic  trabeculie  mutually  coalesce,  so  that,  for 
the  most  part,  the  boundariea  of  the  separate  air-cells  cannot  be 
recognized  where  the  latter  abut  upon  each  other. 

The  tpUhdium  of  the  air-cells  is  the  simple  scaly  variety,  com- 
posed of  pale,  polygonal,  granular  cells,  averaging  jo'^j  of  an  inch 
in  width,  aud  ,  j'jo  of  an  inch  in  thickness.  It  lies  immediately  on 
the  fibrous  walls  (just  described)  of  the  air-cells. 

C.  The  capiilary  plexus  of  the  lobules  is  one  of  the  closest  in  the 
buman  body,  presenting  rounded  or  oval  meshes  sd'os  to  ^i'dq  of 


Pig.  40(!. 


Fig.  407. 


an  inch  wide,  and  vesaeb  ^nSiii  to  s^gg  of  au  inch  in  diameter.'    It 
lies  in  the  wall  of  the  air-cells,  about  f^lsiie  <^f  ^Q  i"<^h  from  the 

'  Todd  and  Bowmnu  make  tlie  citpill&ries  ho  Urge  ii-Jan  of  an  foch)  as  to  aecDre 
A  tree  oirenlatioa.  and  intimste  that  the  blood  tnToning  tbem  tuor^a  1)  Enah  per 
minute.  Each  cspillaij  eilendg  over  8  to  10  air-cclla,  and  the  air  remalni  In  euit- 
>Ml  with  the  blood  1}  iMond,   {Smntf.) 
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epithelium;  some  of  the  vessels  also  projecting  Milj  into  the  cells, 
since  they  are  sometimes  thicker  than  the  walls  of  the  latter.  It 
continues  not  only  over  all  the  air-cells  of  the  same  lobule,  but  also 
anastomoses  vrith  the  plexuses  of  the  contiguous  lobules.  A  great 
portion  of  the  capillaries  are  also  situated  between,  and  in  relation 
with,  two  air-cells  at  the  same  time.  Fig.  406  shows  the  capillary 
plexus  seen  on  the  walls  of,  and  between,  the  air-cells,  after  the 
epithelium  is  removed. — There  is  also  a  capillary  plexus  on  the 
surface  of  the  smallest  air-tubes,  and  even  extending  to  the  trachea, 
in  continuation  with  the  preceding,  characterized  by  the  elongated 
form  of  its  meshes  (iJeafe'),  and  formed  of  vessels  almost  as  fine  as 
those  of  the  air-cells  (^u'tt  to  j^^^  of  an  inch).  (Fig.  407.)  Only 
the  pure  aerated  blood  enters  this  plexus,  since  it  has  previously 
circulated  through  the  capillaries  of  the  air-cells. 

Function  of  the  Bespiratory  Apparatus. 

The  air-tubes  merely  conduct  the  air  to  and  from  the  air-cells  of 
the  lungs.  It  is  not  probable  that  the  epithelium  becomes  desqua- 
mated to  any  considerable  extent  in  disease.  At  least^  it  is  certain 
that  in  croup  an  exudation  may  occur  through  the  epithelium  with- 
out detaching  its  cells,  and  which  may  subsequently  be  coagulated 
into  a  "  false  membrane,"  falsely  so  called,  or  undergo  degeneration 
into  pus  (pp.  497  and  189). 

The  lungs  are  the  aerating  organs  of  the  blood;  i.  e.  they  secrete 
carbonic  acid  gas  from  the  blood  in  the  capillary  plexus  in  the  walls 
of  the  air-cells,  and  absorb  oxygen  at  the  same  time  into  the  blood. 
The  layers  interposed  between  the  air  in  the  cells,  and  the  capillary 
vessels,  are  but  j^^  of  an  inch  thick  on  an  average.  The  whole 
amount  of  surface  presented  to  the  air  by  the  six  hundred  million 
air-cells  in  the  lungs,  has  been  estimated  at  132  square  feet,  or  more 
than  eight  times  as  great  as  the  cutaneous  surface  of  the  body  ;*  and 
all  the  blood  in  the  body  traverses  the  capillary  plexus  spread  out 
on  the  air-cells,  probably,  within  the  space  of  two  minutes. 

Development  of  the  Lungs. 

The  lungs  appear  a  little  after  the  liver,  as  two  hollow  protru- 
sions of  the  anterior  wall  of  the  pharynx ;  into  the  composition  of 
which  the  epithelium  and  the  corium  of  the  pharynx  equally  enter. 

'  American  Medical  Monthly,  vol.  il.  p.  302. 

'  Lindenau  oompnted  the  whole  sarface  of  the  air-cells  and  the  air-tubes  at 
2642  square  feet !t! 
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A  ooDtinaallj  iDcroaBiiig  number  of  arborescent  bollow  processes 
spring  from  the  extremities  of  the  original  protrusions,  and  in  the 
0th  month  the  air-cells  are  developed  from  the  dilated  extremities. 
New  cells  are,  however,  continually  added,  up  to  birth,  hut  notsuh- 
■equeotlj.  Before  they  are  filled  with  air  to  the  new-born  child, 
they  are  jin  of  an  inch,  and  after  breathing,  ,1^  to  ^i^  *>f  ^^  inch 
in  diameter.  The  subsequent  increase  of  ^e  Inngs  consists  in  an 
expansion  of  all  their  parts. 

Pathological  States  <^  the  Lungs, 

1.  In  emphysema,  the  air-cells  become  permanently  dilated  to  two 
or  three  times  their  normal  diameter;  or  become  even  ruptured,  so 
that  the  cells  of  the  same,  or  even  of  different  lobules,  become  con- 
^aent    Their  wall  becomes  very  thin. 

The  bronchial  arteries  become  dilated  ^°  cases  where  the  circnla-' 
tion  through  the  pulmonary  arteries  is  interrupted ;  the  former  re- 
placing branches  of  the  latter,  and  becoming  aerating  vessels. 

2.  Sypertrophy  of  the  air-cells  occurs  in  hypertrophy  of  the  lungs 
from  increased  functional  action. 

8.  The  air-cells  become  obliterated  by  exudation  or  deposit  (c  g. 
tobercular),  in  the  cavities  or  their  walla,  or  into  the  interlobular 
areolar  tissue.  Bed  hepatization  is  produced  by  a  complete  filling 
of  the  air-cells  by  the  exudation  of  pneumonitis;  in  grai/  hepatiza- 
tion the  walls  of  the  cells  and  the  interstitial  tissue  become  softened, 
and  nndergo  a  fatty  metamorphosis.  {Kolliker.') 

Fig.  408.  Kg.  409. 


Kt.  4W.  BtctloB  ol  p*T  (rumUUoiu,  kllai  •ddiUvk  at  mtlt  uld  ;  ihowlDf  A*  aIr-«IU  Oltod 
with  talMrcl*  unelel. 
Wif.  4W.  Cnlmnou  Ituironullos  ot  tubarcts,  with  eijtUlM  ot  dlolutirto*. 
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Deposits  of  pigment  occur  as  a  consequence  of  hepatization,  or 
from  a  simple  congestion  of  the  lungs.  Tubercle  (gray  granula- 
tions) is  most  frequently  deposited  in  the  air-cells  (Fig.  408);  cancer, 
in  the  interstitial  tissue.  The  former  is  liable  to  cretaceous  trans- 
formation (Fig.  409). 

4.  In  oedema  of  the  lung,  serum  is  efhised  into  the  air-cells;  in 
apoplexy^  blood  is  extravasated  into  the  interstitial  tissue. 

6.  The  epithelial  cells  undergo  a  fatty  degeneration  in  portions  of 
the  lung  encompassed  by  a  pleuritic  effusion,  in  atelectasis  {Reva- 
7uirdt\  and  in  splenization. 

6.  New  formcUions  (bone  and  cartilage),  and  cysts,  are  generally 
noticed  in  the  interstitial  tissue. 

7.  The  parenchyma  of  the  lung  is  destroyed  by  inflammation, 
gangrene,  tubercle,  or  cancer;  the  elastic  fibres  usually  being  well 

E reserved,  while  the  remaining  elements  are  infiltrated  with  fine 
itty  molecules. 

For  the  pathological  states  of  the  air-passages^  reference  may  be 
made  to  the  works  on  pathological  anatomy: 


CHAPTER   XVII. 

THE  BLOOD-VASCULAR  GLANDS. 

This  class  includes  a  series  of  organs  possessing  a  glandular 
structure,  but  no  excretory  ducts ;  and  which  are  supposed  to  ela- 
borate substances  from  the  blood  to  be  again  applied  to  some  pur- 
pose in  the  organism,  after  resorption  from  their  tissue.  As  they 
derive  their  designation  from  a  mere  hypothesis,  it  were  doubtless 
better  to  abolish  it  altogether.  '*  Ductless  glands''  {Todd  and 
Bowmxin)  is  a  better  designation. 

The  following  organs  are  referred  at  the  present  time  to  this  class; 
all  of  which  have  been  described  in  connection  with  other  parts 
and  organs,  except  the  last  four. 

The  anterior  lobe  of  the  pituitary  body  (p.  465);  the  solitary 
follicles  of  the  stomach  and  intestine,  and  the  aggregated  follicles  of 
the  small  intestine  (p.  530);  the  follicular  glands  in  the  root  of  the 
tongue,  the  tonsils,  and  the  pharyngeal  follicles  (p.  573),  and  the 
lymphatic  glands  (p.  510). 

The  spleen,  the  thyroid  body,  the  thymus,  and  the  supra-renal 
glands — still  remain  to  be  described. 
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Fig.  410. 


I.  The  Spleen. 

The  spleen  consists  of  a  serous  and  a  fibrous  coat,  and  a  soft 
parenchyma. 

1.  The  serous  coat  is  the  peritoneal  investment,  and  adheres  so 
firmly  to  the  fibrous  coat  that  it  can  be  dissected  off  only  in  frag- 
ments. 

2.  The  Jibrous  coat  is  composed  of  areolar  tissue,  and  completely 
invests  the  spleen,  and,  at  the  hilus,  sends  sheaths  into  the  interior 
around  the  vessels,  like  Glisson's  capsule.' 

8.  The  parenchyma  is  principally  composed  of  (1,)  the  trabeculae, 
inclosing  (2,)  the  pulp,  in  which  (8,)  the  Malpighian  corpuscles  are 
found. 

1.  The  trabecule  are  white,  shining,  flattened  or  cylindrical  bars, 
averaging  i^jsUi  -^  o£an  inch,  of  are- 
olar tissue,  attached  to  the  inner  sur- 
face of  the  fibrous  coat,  and  sometimes 
to  the  outer  surface  of  the  sheath  of 
the  vessels,  and  which  unite  to  form  a 
network  extending  through  the  whole 
organ.  The  interstices  in  it  freely 
communicate,  and  contain  the  red  pulp 
and  the  Malpighian  corpuscles.  Be- 
sides the  collagenous  and  elastic  ele- 
ments, the  trabeculsQ  also  contain  many 
peculiar  spindle-shaped  fibres  s^v  ^ 

inch  wide,  with  undulated  ends  and 
prominent  enlargements,  containing 
rounded  nuclei.  Kolliker  at  first  mis- 
took them  for  smooth  muscular  fibres. 

ntt     •  J.  •  1.   x>  11  J        X       1  Peculiar  flbree  from  the  pulp  of  the 

Their  nature  is  not  fully  understood.  h„^  ,,,„.  ^  ^h.  »»,  L.  .. 
They  are  sometimes  found  coiled  up  in  **"•  ''»«i<>««i '"  » eeii.— lUfnuiad  sso 
cell-like  bodies.    (Fig.  410.)  """'"'•  <^"^' 

2.  The  interspaces  of  the  trabecular  are  filled  by  the  jTuZp,  in  which 
the  Malpighian  bodies  are  lodged.  The  pulp  is  a  soft,  reddish  sub- 
stance, consisting  of  three  elements:  1,  the  smallest  bloodvessels; 
2,  microscopic  fibres  and  trabeculae;  and  8,  peculiar  cells.    The  oc- 


*  In  the  ox,  dog,  pig,  ass,  and  oat,  it  contains  amooth  muaoular  fibres  also. 
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currence  of  extravasated  blood  in  various  stages  of  xnetamorphooB 
is  also  so  frequent  as  to  be  almost  regarded  as  a  normal  constituent 
The  vessels  will  be  described  further  on.  The  fine  trabecule  are 
also  composed  of  areolar  tissue,  and  are  ii:hTf  ^  rihT^  ^^  ^^  ^^^^  ^^ 
diameter.  The  minute  fibres  are  very  numerous,  and  of  coUagenoiis 
tissue;  some  of  them  being  the  terminations  of  the  vascular  sheaths. 
The  cells  of  the  pulp  (parenchymal  cells)  (Fig.  411),  are  round, 
uni-nucleated,  -^^jf  to  3^1^  of  an  inch  in  diameter,  and  apparently 

Fig.  411. 


^ —     f  ^^-^ 

•• '.     ©.• '  -^^  no  fl  ;/     ^  \ 


•1..        ®*  ^  W.     •  (0    /.   •.©.' 


Palp  of  haroan  upleen.    a,  a.  Blood-corpnsclos.    ft,  6.  Dotted  nuclei,   e,  e.  Nacleat«d  resiclM.   <i,  d- 

Colored  massea  of  hiematine.    {Oray.) 

like  those  of  the  Malpighian  bodies,  soon  to  be  described.  More 
than  in  the  latter  also,  free  nuclei  are  mixed  with  them.  Pale, 
round,  homogeneous  bodies  also  are  found,  somewhat  larger  than 
blood-corpuscles,  resembling  free  nuclei,  or  homogeneous  nuclei 
surrounded  by  a  delicate  investment;  pale  larger  cells,  up  to  yi^ 
of  an  inch  in  diameter,  with  one  or  more  nuclei — and  cells  with 
dark  colorless  fat-granules.  These  elements  also  exist,  but  in  less 
extent,  in  the  Malpighian  corpuscles.  The  cells  are  united  by  a 
reddish-yellow  fluid ;  and,  together  with  the  latter,  constitute  about 
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one-half  the  maae  of  (he  apleeo.  There  are  no  special  iDTestmeDts 
aronnd  these  parenchymal  cells.  The;  lie  in  direct  contact  witlx 
the  abeaths  of  the  vessels,  the  trabeculss,  and  the  sheaths  of  the 
Halpighisn  bodies. 

The  red  pulp  of  the  spleen  presents  different  shades  at  diSerent 
times,  as  they  depend  on  the  blood-corpuscles  in  its  vessels;  and 
which  present  all  the  various  stages  of  metamorphoeis.  Kolliker 
and  Gray'  describe  round  cells  ^Jm  to  gijj  of  an  inch  in  diameter, 
holding  more  or  leas  metamorphosed  blood-corpuscles,  and  con- 
taining 1  to  10  or  even  20  of  them.  These,  with  other  masses  of 
corpuscles  without  an  investment,  finally  become  converted  into 
pigment- masses  and  pigment- cells,  afler  undergoing  various  changes 
in  color.  Finally,  however,  the  last  pass  into  perfectly  colorless 
cells.  The  more  recent  investigations,  however,  of  Bemak  and  T. 
Wharton  Jones,  throw  doubt 
upon  the  existence  of  these  Kg.  413. 

red -corpuscle-inclosing  cells; 
especially  in  the  normal  state. 
Beddish  crystalline  forms 
(hsematine)  are  also  occasion- 
ally found  in  the  pulp.  (Gray.) 

3.  The  Malpighian  bodiea 
are  white,  rounded  masses  im- 
bedded in  the  red  substance 
of  the  spleen,  and  connected 
with  the  smallest  arteries. — 
Kolliker  states  that  they 
are  constant  only  in  healthy 
subjects,  and  are  found  rare- 
ly, or  not  at  all,  in  those  dy- 
ing of  disease,  or  after  long 
bsting.  Oray,  however,  as- 
serts that  they  are  always 
present  in  the  mammalia, 
though  not  always  visible  to 
the  naked  eye.  They  are  j  j  ^  to  ,■,  (average  ^\)  of  an  inch  in  dia- 
meter; being  larger  after  food  has  been  taken.  Though  imbedded 
in  the  red  pulp,  and  hardly  separable  from  it,  they  are  always  at- 


A  pttrUoB  of  Ih*  ipltnlc  uurj,  lu  nmiflotloBi  ba- 
iDg  (tnildcd  with  MiI|i](U(B  nrpBKlaa  (dnf).  (Mtf- 
Blltd  10  diuialtn.) 


■  On  Ui«  Btmotnre  and  Um  of  the  Spleen.     London,  18M. 
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tached  to  an  arterial  twig,  and  either  rest  upon  it  laterally,  or  b^ 
situated  at  ita  angle  of  diviaion,  or  transfixed  by  the  artery  itself. 
(Fig.  412.)     Arteries  of  gi^  to  jio  of  an  inch  have  5  to  10  corpus- 
cles; and  each  cubic  line  appears,  on  an  average,  to  contain  one  of 
them  [Kslliker),  they  oonstilutiog  J  to  ^  of  the  whole  palp.  {Gray.) 
Gray  describes  the  Malpighian  bodies  as  consisting  of — 1*1,  a 
closed  capsule  intimately  connected  with  the  sheath  of  the  vessel, 
formed  of  simple  membr&ue,  aad 
^V^is-  TihsB  to   ao'oB  of  an  inch  tbict 

{Kolliker)  (Fig.  413);  and,  2dli/,\u 
contents,  a  viscid  grayish  subsLince, 
consisting  of— la(,  an  amorphous, 
finely  granular  matter,  containing 
dispersed  nuclei ;  'idiy,  nuclei  like 
those  of  the  red  pulp,  jaVii  to  jd'»o 
of  an  inch  in  diameter;  and,  Sdly, 
a  few  nucleated  ceils,  ^^tsn  of  an 
inch  in  diameter.  No  blood-cor- 
puscles, either  free  or  in  cells, 
°eltt' <t%ho.Thof  ih*  "Wit" '"..  w»u"or  are  here  met  with.  Remak  ami 
lb.  .n-rj-.-ii»piiflfi!  iM  di^m«i«i>.  lime-  Leidj^  however,  have  not  found  the 
distinct  capsule  above  described; 
b'lt  assert  that  the  Malpighian  corpuscles  pass,  in  man  at  least,  into 
the  red  pulp.  The  external  surface  of  the  closed  capsule  is  covered 
by  a  plexus  of  capillaries.  (Gra>j.)  Kolliker's  idea,  of  a  clear  fluid 
within  the  capsule,  is  contradicted  by  most  recent  observers. 

Vessels. — The  subdivisions  of  the  splenic  artery  are  very  nume- 
rous, and  assume  the  peculiar  arrangement  shown  in  Fig.  412;  and 
finally  merge  into  capillaries  ^ijVo  **»  5j\Fn  of  an  inch  in  diameter, 
constituting  a  network  throughout  the  pulp  and  around  the  Malpi- 
ghian corpuscles  (Fig.  414),  and  traversing  the  substance  of  the  latter 
also.  {Drs.  Sanders  and  Huxley)  The  veins  present  no  ]>ec<]liKnt7 
requiring  mention  here.  The  lymphatics  are,  comparatively,  very 
few;  and  the  lymph  of  the  deep-seated  ones  contains  blood-cor- 
puscles, perhaps  from  rupture  of  minute  bloodvessels  (p.  148),  In 
diseased  spleens,  no  trace  of  the  superficial  lymphatics  (those  be- 
tween its  two  coats)  can  usually  be  detected.  Tbe  nerves^  consisting 
of  many  fine  and  a  few  thick  fibres,  are  derived  from  the  splei 
plexus,  and  accompany  the  branches  of  the  artery  into  the  inte 
of  the  organ. 
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Ftmclion  of  the  Spleen. 
Mr,  Gray  maintains  that  the  spleen  regulates  both  the  quantity 
and  the  quality  of  the  blood;  it  being  a  diverticulum  of  the  hepatic 
circulation,  while,  at  the  same  time,  the  Malpighian  corpuscles,  more 
especially,  elaborate  albuminous  substances  from  the  blood  soon  after 
digestion,  store  them  up  for  the  time  being,  and  again  return  them 
to  the  blood  when  needed.  Though  these  statements  may  need 
some  qualification,  a  comparison  of  the  blood  in  the  splenic  veins 
(p.  175)  with  that  in  its  artery  confirms  the  idea  that  the  spleen  is 
a  blood-maljing  organ,  except  so  far  as  the  colored  corpuscles  are 
concerned — these  being  actually  disintegrated  in  it. 

Developmml  of'  the  .Spleen. 
The  spleen  is  developed,  independently  of  the  surrounding  or- 
gans, at  the  end  of  the  second  month,  from  a  blastema.     The  Mal- 
pighian bodies  are  lost  formed,  and  are  much  amaller  at  birth  than 
afterwards. 
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II,  The  Thyroid  Gland. 


icles 


Fig.  41S. 


The  thyroid  gland  consists  of  cloaed  glaDd-vesicl 
an  inch  in  diameter,  surrounded  by  a  fibrous  stroma,  and  collected 
into  rounded  or  polygonal  lobules  jg  to  j'^  oF  an  inch  in  diameter, 
which  are  associated  into  lobes;  and  finally  the  latter,  invested 
a  fibrous  membrane,  constitute  tlie  whole  organ. 

Little  need  be  said  of  the  fibrous  tissue  or  stroma,  since  i1 
mere  common  areolar  tissue.  Only  the  vesicles  need  a  special 
scription. 

The  gland-veSKles  present  auoh  varied  conditions  of  structure, 
that  it  is  not  easy  to  decide  what  la  their  normal  state.  They  con- 
sist— 1st,  of  a  basement-mem- 
brane lying  on  the  connective 
tissue  between  them;  2dl]/,  of 
an  epithelium;  and,  Bdly,  fiuid 
contents.  The  basement-mem- 
brane is  TRDDD  of  an  inch 
thick",  and  presents  no  pecu- 
liarities. The  epithelium  con- 
sists of  a  single  layer  of  po- 
lygonal, finely  granular  cells, 

diameter,  with  simple  nuclei. 
(Fig.  415.)  The  fluid  con- 
taiued  in  the  cells  is  clear, 
somewhat  viscous,  with  a  tii 

ehlW.    o,  ConneiJllT.  tlKraebelWMnUion.,    6.  Mem-     of    ycUoW,    and    highly    all 
bnne  of  Iho  glsod-TMlclM.     c  Their  BpllhoUom,      „■    „„„ 

izoio^.,  minous. 

If,  however,  the  organ  be 
changed  from  its  normal  state,  different  conditions  are  presented. 
Frequently  no  epithelium  is  met  with,  but  only  a  fluid  mixed  with 
minute  granules,  and  free  nuclei.  The  vesicles  are  also  more  or 
leas  filled  with  a  colloid  substance  in  the  form  of  transparent,  amor- 
phous, light-yellowiah,  soft  masses.  This,  filling  the  vesicles,  trans- 
forms the  latter  into  cysts  of  jlj  to  jj  of  an  inch,  in  which  the 
epithelium  is  no  longer  distinct;  and  which,  causing  the  stroma  to 
disappear  by  their  pressure,  ultimately  coalesce  into  larger  sini 
cavities.    (Pig,  416.) 
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The  T«lelH  or  lb*  Ihrrold  (Und,  llltd  wllh  soUold  uilMr.— MifBlI 

The  following  is  Dr.  Beale's  analjns  of  the  thyroid  body : — 

Water 70.60 

Fibrinous  and  albuminous  matter,  vesBola, 

and  fat 26.S84 

Extractive  matter 1.70 

Alkaline  salts -  .  .60 

Earthy  salts .816 

The  hloodvtaieh  of  the  thyroid  are  diflproportionally  numerous. 
The  terminal  arteries  are  distributed  in  the  stroma  between  the 
vesicles,  and  end  in  a  capillary  plexus  around  each  of  them,  resem- 
bling that  of  the  air-cells  of  the  lungs,  except  that  it  is  less  close. 
The  veins  only  partially  accompany  the  arteries,  much  exceeding 
them  in  number.  Of  the  considerable  number  of  lymjihatiea,  the 
relations  in  the  interior  are  unknown.  The  few  nervet  contain  only 
vascular  nerve-fibres  from  the  cervical  portions  of  the  sympathetic. 
(KblUker) 

The  funclion  of  the  thyroid  is  unknown.  It  is  probably  a  diver- 
timlum  to  the  cerebral  circulation;  and  is  developed  from  an  of&et 
from  the  anterior  wall  of  the  pharynx. 

Pathological  enJargemetUs  of  the  thyroid  (bronchocele)  are  very 
common.  These  may  be  due — Isi,  to  numerous  dilatations  of  the 
smaller  vessels,  the  bursting  of  which  may  also  produce  apoplectic 
cysts,  to  which  fresh  extravasations,  or  exudations  and  cretincation 
of  the  vessels  may  be  added ;  or,  2dly,  to  an  actual  hypertrophy  of 
the  glandular  elements,  or  a  production  of  new  gland-vesicles. 
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III.  The  Thymus  Gland. 

The  thymus  is  an  organ  more  especially  of  fcetal  and  inlai 
life.  It  consists  of  lobules  grouped  around  a  central  canal,  which 
is  generally  spirally  convoluted.  The  lobules  are  collected  into 
lobes;  while  the  latter,  invested  by  areolar  tissue,  constitute  the 
whole  organ. 

The  lobules  are,  however,  composed  of  smaller  hollow  sul 
sioDs,  and  the  latter  of  rounded  corpuscles,  like  gland-ved( 
which  give  the  exterior  of  the  lobules  a  delicate  mosaic  aspect,  not 
unlike  that  of  the  lungs.     (Fig,  417.)     These  corpuscles  are,  bow- 


Fig.  417. 


te  the 
ibd^H 


ever,  not  vesicles,  but  solid  bodies,  cohering  intimately  towards  the 
cavities,  though  separated  from  each  other  on  the  outer  side. 

Each  lobule  is  inclosed  in  a  thin,  almost  homogeneous,  mem- 
brane, j^isn  '■o  Tjonn  of  an  inch  thick.  Within  this,  and  between 
it  and  the  cavity  of  the  lobule,  lies  a  grayish-white  soft  substance, 
J I  to  j'g  of  an  inch  thick,  consisting  of  free  nuclei  artd  minute  cells, 
among  whieb  bloodvessels  and  a  small  amount  of  white  fibrous 
tissue  are  sent;  and  thus  a  structure  is  presented  resembling  that  of 
the  contents  of  the  follicles  of  Peyer  (p.  530). 

The  cells  and  nuclei,  however,  of  tbe  thymus-lobulea,  wiO 
small  quantity  of  a  connecting  fiuid,  constitute  the  main  bulk.   ' 
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oells  are  macb  less  numerous  than  the  fVee  nuclei,  and  from  j^j, 
to  ji'nfl  of  an  inch  in  diameter;  the  latter  being  bo'oo  to  j^'nj  of 
an  inch. 

The  arteries  (Fig.  418)  are  sent  fronn  the  external  surface  through 
to  the  internal  cavity,  and  there  ramify  in  a  delicate  expansion  of 
areolar  tissue  lining   it.      From   this 
arterial  plexus,  branches  enter  the  ca-  ^' 

vity  of  each  lobule,  and  fonn  a  capillary 
plexus  in  their  external  portion,  or 
the  gland-corpusclea,  entirely  filling 
them,  hut  never  extenJing  further  than 
to  iheinner  surface  of  the  homogeneous 
membrane  investing  them. — The  fibres 
above  meutioned  support  the  capilla- 
ries just  described,  and  require  no  spe- 
cial description. — The  lymphatics  are 
numerous;  and  nerves  accompany  the 
arterie.'!,  though  not  yet  traced  to  their 
terminations. 

The  cavities  of  the  thymus  inclose  a 
grayish-white  or  milky,  faintly  acid, 
albuminous  fluid,  containing  numerous 
nuclei,  isolated  cells,  and  sometimes 
concentric  corpuscles,  next  to  be  de-  i 
scribed.  ' 

Between  the  ages  of  12  and  20  i 
years,  involution  of  the  thymus  com-  ' 
mences.  During  this,  peculiar  spheri- 
cal bodies  are  found  in  the  substance  of  the  lobules,  called  the  con- 
eentrie  corpuscles.  These  (first  noticed  by  Ilassall  and  Virchow) 
are:  I.  Simple,  ^tfna  ^o  ti'oo  °^  ^'^  'i*^''  '"  diameter,  with  a  thick 
concentrically  striated  membrane  and  a  granular  substance  within, 
appearing  sometimes  as  a  nucleus,  at  others  as  a  eel!;  2.  Compound, 
tin  ^  tH  <>f  an  inch  in  diameter,  and  consisting  of  several  simple 
corpuscles  inclosed  in  a  common  laminated  envelop.  By  the  40th 
year,  the  thymus  is  usually  entirely  removed. 

The/wncdbn  of  the  thymus  is  not  certainly  known.  Mr.  Simon 
considers  it  "a  sinking  fund  in  the  service  of  respiration."  It  is 
developed  by  two  tubular  ofEsets  from  the  larynx,  containing  blas- 
tema.   It  is  not  stationary  after  birth,  as  sometimes  stated,  but  grows 
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considerably  np  to  the  2d  yeaf.    Subsequeatly  it  becomes  atroplu 
and  finally  disappeara,  as  above  mentioned. 

IV.  The  Supka-Henal  Glands. 
These  bodies  are  usually  classed  with  the  blood  vascular  glands, 
though  they  do  not  strictly  belong  to  this  class.     They  consist  (1,) 
of  a  fine,  but  thin  coat  of  areolar  tia- 
^^^'  ^^^'  sue,  and  (2,)  the  proper  pareachyma. 

The  former  needs  no  special  descrip- 
tion. 

The  parenchyma  is  divisible  into  two 
parts,  the  cortical  and  the  medullary 
portions.  (Fig,  419.)  1.  The/ormer  is 
of  a  whitish-yellow  color  (more  nearly 
brown  in  its  innermost  third),  j'g  to 
a",  of  an  inch  thick ;  easily  torn  in  the 
direction  of  its  thickness,  and  when 
torn,  presenting  a  fibrous  aspect, 

2.  The  medullary  substance  is  of  a 
brighter  color  than  the  cortical,  being 
grayish-white  with  a  tinge  of  red, 
though  it  may  become  darker  when 
its  veins  are  full  of  blood.  It  is  softer 
than  the  cortical  substance,  and  only 
Triin(T«Kewciionofiho<npr»-™i»i  t's  ^o  j'g  of  an  inch  thick  at  the.ir  bor- 
iiod)r"f  theeiK,  iiMted  wiihMdi.  b.    ders ;  whilc  it  is  1  to  11  line  in  the 

Corlei.    i.  HfdnlU,     o.  Cenlnl  tbIq,  .,  ,  i    .1        i  j   ■  i    ii> 

•Dminiiit«ii  iriiti  tome  Mrtioi  itib-    middle,  and  the  lower  and  inner  DalT 
h""    \ Ib'^MtM^aLV^a^e \a     '^^  these  organs, 

»rioi.  (XigoiisditbaiiiisdiiEiisun.}  In  their  intimate  structure  the  cor- 
tical and  the  medullary  portions  are 
entirely  dissimilar.  The  cortical  substance  consists  of  very  nu- 
merous compartments  (cortical  cylinders,  Kolliker),  ^J^  to  even 
^n^  of  an  inch  across,  formed  by  interlacements  of  areolar  tissue, 
and  extending  through  the  entire  thickness  of  the  cortex;  contain- 
ing a  granular  substance,  subdivided  by  delicate,  oblique,  or  tram- 
verse  disaepiments,  (b'ig.  420.)  These  generally  coutain  nothing 
but  rounded  angular  cells,  ,5^0  ^  to'ob  of  an  inch  in  diameter. 
In  the  inner  brown  layer  of  the  cortex,  the  cells  are  entirely  filled 
with  brown  pigment-granules. 

The  medullary  substance  also  has  a  stroma  of  areolar  tJasue  pro- 
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loQgcd  from  the  cortical  lamellse,  and  pervadiDg  the  whole  interior, 
forming  a  network  with  rather  wide  meshes.     This  is  filled  by  a 
pale,  finely  granular  substance,  contain- 
ing pale  cells,  Tsoff  to  ,("(1  of  an  inch  in  Kg.  420. 
diameter,  resembling  the  nervu-cells  of 
the  central  organs,  though  tbey  cannot 
be  definitely  declared  to  be  such.  {Ktit- 
liker.) 

The  hhodvesaeU  of  the  supra-reual 
glands  are  very  numerous.  Some- 
times even  twenty  arterial  trunks  enter 
one  of  these  glands.  A  capillary  plexna 
with  elongated  meshes  exists  in  the 
cortical  substance,  and  one  with  round-  poniDn or  ■  T»riini  >mi)i>b  HiroDgii 
ed  interstices  in  tlic  medullary.  Thus  ""  """  »'  •'■"  •iprm-Mii.i  b«4y  in 
the  cortical  cylinders  are  surrounded  c^nim  tju^in  vboM  euiiipui>!iion 
by  blood  on  all  sides:  and  thiscapil-  ''""""V'/ "'"''''"", ''''''""'' 
lary  plexus  joins  that  of  the  medul- 
lary substance,  formed  principally  by  arteries  penetrating  at  once 
into  the  latter.  A  few  lymphatics  are  found  on  the  surface  of  the 
organ,  but  more  in  its  interior. 

The  nerves  of  the  supra-renal  glands  are  very  numerous;  being 
derived  from  the  semi-lunar  ganglion,  and  the  renal  plcvus;  and 
also,  to  a  small  extent,  from  the  pneumogaatric  and  the  diaphragm- 
atic. (Bergmann).  Kiilliker  has  counted  H'd  trunks  entering  the  right 
supra-reual  gland,  varying  from  g'^  to  gJu  of  an  inch  in  diameter; 
and  found  that  almost  without  exception,  they  were  constituted  of 
dark-bordered,  finer,  and  medium-sized,  or  even  thick,  nerve-fibres; 
and  were  furnished  with  isolated  larger  or  smaller  ganglia.  They 
apt>6ar  to  be  all  destined  for  the  medullary  substance,  where  there 
is  an  extremely  rich  nervous  plexus;  the  terminations  of  the  fibres 
being,  however,  nowhere  perceptible. 

The  supra-renal  glands  are  developed  simultaneously  with  the 
kidneys,  but  independently  of  them;  and  are  originally  larger  than 
they.  The  first  appearance  and  growth  of  the  blastema  where  they 
arc  found  is  unknown. 

Of  the  function  of  the  supra-renal  glands,   nothing  positive  is 
known.     They,  however,  have  pretty  certainly  no  physiological 
connection  with  the  kidneys,     Ktilliker  thinks  that  while  the  cor- 
tical portion  may  belong  to  the  class  of  blood-vascular  glands,  the 
88 
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medullary  portion  is  physiologically  distinct  from  the  former,  A 
must  be  regarded  as  an  apparatus  pertainiog  to  the  nervous  system, 
aa  Bergmann  suggested.  And  Leydig's  recent  investigations  in 
regard  to  the  structure  of  these  organs  in  fishes  and  reptiles,  have 
led  him  to  conclude  that  they  have  the  same  relation  to  the  gan- 
glia of  the  sympathetic  nerves,  that  the  pituitary  body  bears  to  the 
brain  {p.  465). 


CHAPTER    XVIII. 


THE    0EGAN3    OF   THE    3EXSE3. 


^ 


The  histological  elements  of  the  organs  of  the  senses  have  already 

been  mostly  described, 

I.  The  organ  of  touch— the  skin— in  Chap.  XI.  (pp.  476— i94.) 
XL  The  organ  of  (asie — the  mucous  membrane  of  the  tongue — 

pp.  515-18,  and  Figs.  344  to  347. 
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III.  The  organ  of  amell — the  olfactory  nerves  and  the  mocoua 
membrane  of  the  nasal  passages — p.  443,  ami  Figs.  290-2. 

IV.  The  organ  of  hearing — ao  far  as  the  acoustic  nerve,  and  tbe 
distribution  of  its  cochlear  branch  are  concerned — has  been  de- 
scribed on  p.  453,  Figs.  300  and  301. 

Fig.  422. 
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A  aectioQ  of  both  the  external  and  internal  ear  18  shown  by  1 
i21. 

The  membranous  labyrinth,  and  the  terminations  of  the  vesti- 

ijular  nerve,  are  shown  by  Figs.  422,  423. 
Fig.  424. 
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VBMBBAKES  OF  TUE   ETE.  Oi-i 

T)ie  whole  labyrinth  (internal  ear),  conBiating  of  tbe  cochlea  and 
semicircular  canals,  laid  open,  is  shown  by  Fig.  424.  Its  relations 
to  the  external  and  middle  ear  are  seen  in  Fig.  426. 

v.  The  Eye. 
Some  of  the  structural  elements  of  the  eye  have  already  been 
spoken  of  (pp.  449-53);  and  the  rest  will  be  described  here. 

,  I.  Membranes  of  the  Eye. 
A  section  of  the  eyeball  is  shown  by  Fig.  426,    The  three  mem- 
branes of  its  posterior  seven-eighths,  or  more,  are  the  tunica  scle- 
rotica, the  choroid,  and  the  retina;  while  the  cornea  is  aeen  project- 
ing in  front,  and  the  iris  is  represented  by  6,  in  the  figure. 

1.  The  scUtoUc  coat  is  composed  of  white  fibrous  tissue  and  a 
few  elastic  fibres  (p.  279);  and  is  shown,  together  with  the  choroid, 
by  Fig.  427. 

2,  The  cAoroi(/coat  is  continuous  in  front  with  the  iris;  a  narrow 
ring  of  white  fibrous  tissue — the  ciliary  ligameni — connecting  them 

Pig.  420. 
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firmly  at  their  union,  with  the  sclerotica.  (Figs.  427-8.)  The  choroid 
itself  is  essentially  a  thin  lamina  of  capillaries,  with  arteries  awl 
veins  external  to  it,  and  line<l  on  its  internal  surface  by  a  single 
layer  of  nucleated  pigment-cella  of  a  pentagonal  or  hexagonal  shape, 
(Fig.  69.)  Between  the  capillary  network  and  the  arteries  ajid 
veins,  as  wel!  as  among  the  veins  themselves,  there  is  also  an  abuo- 
dance  of  pigment- cells.  The  internal  plexus  of  capillaries  is  termed 
the  tnnica  Ruyachiana.  (Fig.  429.)  The  veins  of  the  choroid  are 
arranged  in  beautiful  curves,  and  are  termed  vaaa  vorluxtaa.  For 
J  of  an  iach  behind  the  ciliary  ligament,  the  choroid  coat  is  sepa- 
rated from  the  sclerotic  by  the  ciliary  muscle,  consisting  of  smooth 
muscular  fibres.  (Fig,  428.)  The  last  is  covered  externally  by  the 
ciliary  processes,  which  are  projecting  folds  of  the  choroid,  lodged 
in  similar  folds  apon  the  vitreous  body — i}i&  ciliary  zone.  They 
also  are  very  vascular  (Fig.  430),  and  contain  an  abundance  of  ir- 
regular pigment-cells.  The  ciliary  nerves  are  seen  on  their  wny  w 
the  iris  in  Fig,  427. 

rig.  427. 
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8.  The  retina  has  already  been  described  (pp.  450-3,  and  Hgs. 
295  to  299).     The  relations  of  the  crystalline  lens  and  the  vilreq|^^ 
body  are  shown  by  Fig.  431. 

4.  The  cornea  has  already  been  described  at  length  (pp.  28( 
and  Figs.  178  to  180). 
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5.  Tbe  iris  is  a  process  of  the  choroid,  and  contiDuoua  behiD^J 
with  the  cilinrj  processes;  though  modiSed  iti  slmcture.     For  it 


ns,  IW.  CtpllUtj  BDtwarIc  In  eliorold  ooiil  of  Ihs  eya. 

has,  1,  &  stroma,  mostly  of  collagenous  tis- 
sue ;  2,  smooth  muscular  fibres ;  and  8,  a 
layer  of  cells  on  both  ita  anterior  and  its 
posterior  surface.  The  muarular  fibres 
form  (1,)  a  distinct  occlusor  of  the  pupil 
(sphincter  jiupillw)  iti  the  form  of  a  smooth 
ring  ^'g  of  an  inch  wide,  close  to  tbo  edge 
of  the  iris.  There  is,  besides,  another  very 
narrowringjj„ofalinewido.  (2.)  They 
also  form  numerous  slender  fasciculi,  but 
not  a  distinct  layer,  extending  from  the 
outer  margin  of  the  iris  to  tbe  sphincter 
pupiUiM,  into  the  border  of  which  they  are 
inserted,  constituting  the  dilalor  pupillte. 

The  layer  of  celU  on  the  posterior  sur- 
face of  the  iris,  constitutes  the  ucea;  they 
being  closely  filled  pigment-cells.  The 
anterior  layer  of  ct-lls  is  a  simple  scaly 
epithelium  without  pigmeot-granules. — 
The  color  of  the  iris  in  blue  eyes  depends 
merely  upon  the  pigment  in  the  uten,  seen 
through  the  substanca  of  the  iris;  in  hazel 
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^nd  black  eyes,  the  pigment  also  exists  Id  the  stroma  and  amoog 
the  other  elements  of  the  iris  itself. 


Fodlloaaftbde 


The  bloodvessels  and  the  nerves  of  the  iris  are  numerous.  The 
ciliary  branches  of  the  latter  are  shown  by  Fig.  4S0. 

II.  Humors  of  lAe  Eyt. 

The  three  hnmors  of  the  eye  are  the  crystalline  lens,  and  the  vi. 
treous,  and  the  aqueous  humor.  Fig.  481  shows  the  relation  of  the 
vitreous  body  and  the  crystalline  lens.  The  aqueous  humor  fills  up 
the  spaces  between  the  crystalline  lens  and  the  iris,'  and  (extending 
through  the  pupil)  between  the  iris  and  the  cornea  (Fig.  426);  these 
spaces  being  termed  the  poalerior  and  the  anterior  chambers  of  tho 
eye.    (Figs.  426  and  428.) 

The  aqueous  humor  is  so  called  from  its  resemblance  to  pure 
water.  It  is  awarded  by  the  epithelial  cells  covering  the  anterior 
and  the  posterior  chambers  of  the  eye,  and  is  very  readily  repro- 
duced if  removed  experimentally  in  the  lower  animals.  It  is  one 
of  the  three  refracting  media  of  the  eye, 

The  cryatallino  lens  and  the  vitreous  body  require  a  special  de- 
scription. 

1.  The  OrysialliTie  Lens. 
The  crystalline  lens  consists  of  concentric  lamince  arranged  like 
the  coats  i)f  an  onion  (Fig,  432),  which  are  composed  of  elongated, 
flat,  hexaliedral  tubes  {not  fibres),  jsm,  to  a^'nn  of  an  inch  broad, 
and  Tj'ss  to  gj^  of  an  inch  thick,  perfectly  transparent,  and  con- 
taiuing  a  clear,  viscous,  albuminous  fluid.     Each  tube  is  slightly 

■  It  is  Terj  doubtfnl  if  any  space  naturaUj  eziats  between  the  iris  and  the  lens. 
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Fig.  432. 
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serrated  at  its  edges  (Fig.  432),  and,  as  it  entora  into  the  formation 
of  u  lamina,  is  surroundud  by  six  others.  Thus  their  transversu 
soction  resembles  a  wall  built  of  hexagonal  bricks.  (Fig.  433.) 
The  serrationa  arc  much  more  beautifully  marked  in  the  lower 

Fig.  433. 


animals,  especially  fislie.'i.    (Fig.  432,  rf.)    The  tubes  are  more  solid, 
slender,  and  opaque  in  the  central  part  of  the  lens. 
The  tubes  lie  with  their  sides  parallel  to  the  surface  of  the  lens, 
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and,  being  here  less  coherent  than  on  iheir  largest  surfaces,  t] 
are  more  easily  separated  into  lamiiiffl  in  this  direction. 

In  the  separate  kmellas,  both  the  superficial  and  the  deeper  tubes 
generally  radiate  from  the  centre  of  the  lens  towards  the  margin, 
and  then  curve  round  upon  the  other  surface,  anterior  or  posterior; 
but  never  extend  through  the  entire  semi -circumference  of  the 
lens.  Indeed,  a  peculiar  appearance  called  the  "star"  is  produced 
where  they  terminate  on  both  surfaces  of  the  lens,  as  shown  by 


Fig.  484.  In  these  there  are  no  tubes,  but  a  substance  partly  dear 
and  partly  finely  granular. 

The  capsuk  of  the  lens  is  formed  of  simple  membrane,  and  is 
perfectly  transparent  and  very  elastic.  It  admits  neither  v^ada 
nor  nerves  to  the  completely  inclosed  lens.  It  is,  however,  readily 
permeable  to  fluids;  and  it  is  the  transmission  through  it,  after 
death,  of  the  aqueous  humor  of  the  eye,  that  mainly  (fives  rise  to 
the  "liquor  Morgagni" — this  not  being  a  normal  condition,  as  has 
been  supposed.  A  single  layer  of  clear,  polygonal,  epithelial  cells, 
however,  covers  the  anterior  half  of  the  inner  surface  of  the  cap- 
sule; and  these,  disintegrated,  also  help  to  form  the  "liquor." 

Chemical  analysis  (of  the  lens)  detects  the  presence  of  crystalline, 
described  on  page  97.     It  contains  about  58  per  cent,  of  water. 

The  crystalline  lens  is  not  vascular  at  any  period  of  its  develop- 
ment. The  capsule  is  so,  however,  during  early  fcetal  cxistenott; 
the  central  artery  of  the  retinn  expanding  upon  its  posterior  layer 
(after  having  traversed  the  vitreous  humor),  and  sending  branobes 
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round  its  margin  to  unite  with  twigs  from  the  ciliary  processes 
upon  the  anterior  surface.  The  loops  of  the  latter  gradually  retire 
from  the  centre  towards  the  margin,  and  finally  the  posterior  layer 
also  ceases  to  be  vascular.  In  inflammatory  conditions,  however, 
the  vascularity  may  return. 

Uses, — The  crystalline  lens  is  of  the  highest  importance  as  one 
of  the  refracting  media  of  the  eye. 

The  fibres  of  the  crystalline  lens  are,  apparently,  developed  ori- 
ginally from  cells  like  those  shown  in  Fig.  432. 

The  growth  of  the  lens  is,  probably,  secured  by  the  absorption, 
through  its  capsule,  of  the  aqueous  or  the  vitreous  humor.  {K'Ol- 
likcr) 

The  crystalline  lens  has  been,  though  very  rarely,  regenerated^ 
in  very  young  subjects,  after  its  entire  extraction. 

An  opacity  of  the  crystalline  lens,  or  its  capsule,  or  both  at  the 
same  time,  constitutes  cataract. 

2.  Tlve  Vitreous  Body. 

This  body  (Figs.  426  and  431)  is  a  close  web  of  transparent 
fibres,  enveloping  a  transparent  fluid  in  its  meshes;  and  is  inclosed 
in  a  simple  membrane  (membrana  hyaloidea),  on  the  exterior  of 
which  vessels  are  distributed.  {Todd  and  Boioman.)  The  central 
artery  of  the  retina  passes  through  the  centre  of  the  vitreous  body, 
but  does  not  give  off  any  branches  to  it.  Its  nourishment  is  pro- 
bably in  part  sustained  by  the  plexiform  arrangement  of  vessels 
constituting  the  ciliary  processes.     (Fig.  430.) 

The  fluid  of  the  vitreous  humor  is  a  weak,  watery  solution  of 
salts  and  albumen. 

During  foetal  life,  this  body  is  supplied  with  vessels  in  its  inte- 
rior also. 

Use. — This  is  also  one  of  the  refracting  humors  of  the  eye. 


The  eyeball  is  covered  anteriorly  by  the  conjunctiva,  which  is 
essentially  a  mucous  membrane;  though  the  portion  in  front  of  the 
cornea  is  merely  a  compound  scaly  epithelium,  without  a  corium. 
This  also  continues  over  the  sclerotica,  where  there  is  a  pale,  thin 
corium,  without  any  papilla),  and  attached  to  the  sclerotic  by  a 
loose  and  abundant  areolar  tissue  containing  fat-cells.    The  mem- 
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brane  is  reflected  from  the  selerotica  above  and  below,  and  lines 
the  lids.  The  latter  also  have  a  compound  scaly  epithelium.  Pa- 
pillae occur  on  the  palpebral  conjunctiva,  especially  towards  the 
line  of  reflection,  where  they  are  yj^  of  an  inch  long.  At  the 
line  of  reflection  they  are  sometimes  even  g^j  of  an  inch.  {Krause.) 
Their  enlargement  constitutes  the  granular  lidy  so  called ;  the  lower 
lid  being  most  frequently  affected,  since  they  are  most  abimdant 
there. 

The  eyelids  consist  of — 1^  the  mucous  membrane  just  described; 
2dlyy  the  fibres  of  the  levator  palpebrae  superioris,  and  the  orbicu- 
laris palpebrarum;  and,  Sdly,  the  skin,  only  gV  ^o  ^^  of  an  inch 
thick ;  all  these  elements  being  connected  together  by  a  lax  con- 
nective tissue.  The  skin  is  furnished  throughout  with  minute 
sweat-glands  (yJiytOy^^ofan  inch),  and  generally  with  minute 
hairs  and  sebaceous  glands.  The  free  borders  of  the  lids  are 
bounded  by  the  tarsi,  improperly  termed  tarsal  cartilages.  They 
consist  merely  of  fasciculi  of  white  fibrous  tissue,  though  occasion- 
ally containing  a  few  minute  cartilage-cells.  Into  their  free  edges 
the  cilia  (eyelashes)  are  inserted,  immediately  in  relation  with  the 
Meibomian  glands.    (Fig.  183.) 

But  for  a  full  description  of  the  remaining  appendages  of  the 
eye  (the  muscles  and  the  lachrymal  passages,  &c.)  the  works  on 
descriptive  anatomy  may  be  consulted,  since  they  present  no  pecu- 
liar histological  elements.  For  the  very  numerous  pathological 
conditions  to  which  this  organ  is  liable,  reference  must  be  had  to 
the  special  treatises  on  this  subject. 
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Absorption  by  cell?,  128 

Acarns  follicalomm,  226 

Aeceraory  oivans  of  skin ;  sebaceons  and 
ffweat  glands,  486-92 

Acid,  carbonic,  44;  hippnric,  64 ;  lactic,  60  ; 
pneumic,  67;  uric,  61 

Acn«,  135 

Acoustic  nerve,  453-54 

Adhesions,  497. 

Adipose  cells,  286 

Adipose  tissae,  295-312 ;  fat-cells,  peonliari- 
ties,  296;  intercellular  areolar  tissue,  296; 
vessels,  297 ;  crystals  in  cells,  297 ;  pecu- 
liarities in  lower  animals,  298 ;  chemical 
composition,  298 ;  distribution,  299 ;  pe- 
culiarities *in  distribution,  300 ;  circum- 
stances modifying  its  amount,  302 ;  distri- 
bution in  lower  animals,  303  ,*  uses  of  fat, 
304;  development,  305;  growth,  306; 
pathological  states,  306 ;  stearosis,  or  fatty 
degeneration,  309-12 

Aerating  process,  it<«  object,  44 

A;?e,  effects  on  composition  of  blood,  178 

Air-cavities  in  hairs,  254 

Air-cells,  577 ;  hypertrophy  of,  581 ;  oblitera- 
tion of,  581 

Air-passages,  572 ;  function  of,  580 

Albinoes,  132-3 

Albumen,  84-7;  physical  and  chemical  pro- 
perties, 84 ;  occurrence,  origin,  uses,  85, 
120;  remarks,  86 ;  pathological  relations, 
87  ;  albuminuria  in  various  states,  87  ;  al- 
bumen in  various  secretions,  87  ;  antidote 
to  corrosive  sublimate,  86;  the  pabulum 
of  the  tissues,  86,  120,  158 ;  amount  in 
blood-serum,  153;  uses,  158;  in  what  dis- 
eases increased,  179;  in  what  diminished, 
179 

Albuminuria  in  various  pathological  states, 
87,  220;  the  blood  in,  178 

Albuminose,  87 ;  uses,  88  ;  results  from  diges- 
tion, 200 

Alimentary  canal  and  appendages,  514-41 ; 
oral  cavity,  514-22;  pharynx,  522;  oeso- 
phagus, 522 ;  stomach,  523-26  ;  duodenum, 
527;  jejunum  and  ileum,  527-31;  large 
intestine,  531-2 ;  liver,  532-40 ;  pancreas, 
540 

Alternating  calculus,  66 


Ammonia  free  in  the  blood,  95,  note;  hydro- 
chlorate  of,  51 ;  carbonate  in  blood  in  dis- 
ease, 155 

Ammonio-magnesian  phosphate,  56;  forms 
of  its  crystals,  57 

Amphiarthrosis,  846 
'  Anicmia,  the  blood  in,  178 
:  Analysis,  histological,  of  body,  32 ;  chemical, 
'      of  liquor  sanguinis,  152;  do.  of  blood-cor- 
I      pnscles,  163  ;  dry  blood,  167  ;  bone,  332-5 ; 
I      diseased  do.,  334;  nervous  centres,  478; 
I      muscular  fibre,  396 ;  milk,  204 ;  urine,  217 ; 
I      dentine,  368 ;    enamel,   372 ;    cementom, 
I      373;  liver,  539;  thyroid  gland,  589 
'  Anasarca,  294 
,  Anastomosing  fibres  of  heart,  394 

Aorto  of  whale,  272 

Apolar  nerve-cells,  436 

Aponeurosis,  structure  of,  278 

Apoplexy  of  lungs,  582 

Appendages  of  alimentary  canal,  532-40  ;  of 
ikln,  249-55 

Arachnoid,  469 

Arcus  senilis,  282 

Areola  darker  in  pregnancy,  136  ;  its  struc- 
ture, 570 

AreolsD  of  areolar  tissue,  285 ;  their  contentf, 
286 

Areolar  tissue,  284-95 ;  its  two  kinds  of  fibres, 
its  areolsD,  285 ;  their  contents ;  emphy- 
sema, 286 ;  chemical  composition  ;  proper- 
ties; vessels,  287:  uses;  distribution,  288; 
peculiarities,  289 ;  subcutaneous  areolar 
tissue,  289-90 ;  development,  291-3 ;  re- 
generation, 293;  pathological  states  of, 
294 ;  new  formations,  295 

Areolitis,  294 

Arrectores  pili,  267,  477 

Arterial  blood  compared  with  venous,  174 

Arteries,  500-504;  external  tunic,  500;  mid- 
dle do.,  501 ;  inner  do.,  502 ;  vasa  vaso- 
rum,  503;  development  of  arteries,  511; 
arteries  of  bone,  337 

Articular  cartilages,  342-4;  peculiarities; 
the  bone  under  them,  343;  pathological 
states,  344 

Ascites,  496 

Ass,  milK  of,  206 

Atelectasis  pulmonum,  582 

Atheroma,  312;  of  arteries.  513 

Atrophy  of  cells,  130  ;  of  white  fibrous  tisfue. 
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283;  araolar  tissxie,  293;  adipose  tissue, 
306;  cartilage,  320;  bone,  365;  smooth 
masoular  fibre,  392 ;  striated  do.  do.,  406; 
tendons  and  aponeuroses,  422;  mucous 
membrane,  495 

Axile-corpnscles,  483 

Axis-fibre,  425 


B 


Bat,  hair  of,  257 

Beard,  uses  of,  265 

Belly  of  muscles,  410 

Bile,  from  fat  of  the  blood,  77 ;  properties, 
210 ;  amount,  origin,  211 ;  uses,  212 ;  patho- 
logical states,  213 

Biliary  calculi,  213 

Bladder,  541-2 

Blastema,  120,  m^e 

Blood,  151-70;  properties,  specific  gravity, 
coagulation,  151 ;  liquor  sanguinis,  analy- 
sis of,  152 ;  amount  of  fibrine,  water,  and 
albumen  in,  153;  bloodsemm,  153;  fats 
in  serum;  glucose;  mineral  constituents, 
155 ;  origin  and  uses  of  each  constituent, 
156--59 ;  uses  of  fibrine ;  albumen  the  pabu- 
lum of  the  tissues;  colorless  corpuscles, 
159-61;  colored  do.,  162-72;  quantity  of 
blood,  172 ;  composition  in  various  physio- 
logical states,  173 ;  normal  differences  in 
different  vessels,  174 ;  changes  in  various 
diseases,  176 ;  the  life  of  the  blood,  170 

Blood-corpuscles,  colorless  {aee  Colorless  cor- 
puscles, Ac.) ;  do.  colored  (see  Colored  cor- 
puscles of  the  blood) 

Blood -vascular  glands,  582-93  ;  the  spleen, 
683-7;  thyroid  gland,  588-90;  thymus 
gland,  590-3;  supra-renal  do.,  592-3 

Bloodvessels  of  arteries,  503  ;  of  bones,.  337  ; 
of  muscles,  413  ;  of  nerves,  438 ;  nervous 
centres,  472;  of  membranes  of  brain,  &c.f 
470  ;  of  skin,  482 

Blubber  of  seal  and  whale,  303 

Bone,  structure  of,  336-42 ;  vessels,  337 ; 
nerves,  338 ;  marrow,  339 ;  periosteum, 
341 ;  articular  cartilage,  342-4 ;  fibro-car- 
tilages  of  circumference,  342 ;  synovial 
membranes,  344  ;  inter-articular  fibro-car- 
tilages  and  ligaments,  345-6 ;  connection 
of  tendons  and  ligaments  with  bones,  346 ; 
joints,  their  structure,  346-7  ;  strength  of 
bones,  348 ;  their  uses,  348-9 ;  develop- 
ment of  bones,  350-60 ;  remarks  on,  360-2 ; 
growth  of  bone,  363  ;  reparation,  363-5 ; 
pathological  conditions,  365-7 

Bone  tissue  (see  osseous  tissue,  321-26) 

Bronchi,  575 

Bronchial  arteries,  576 ;  dilatation,  581 

Bronchocele,  589 

Brunner's  glands,  529 

Bufiy  coat  of  blood,  93,  165 

Butter,  contains  no  stearine,  76 

Bursas  mucosa?,  418 ;  do.  subcutaneous,  486 


C. 

Calcification,  367 
Calcium,  36  ;  fluoride  of,  51 


Calculi,  biliary,  213;  Tesical,  223-4 

Cancellated  bone  structure,  326-8  ;  develop- 
ment, 351-5 

Cancellus,  326 ;  contents  of^  328 ;  develop- 
ment, 355 

Cancer,  varieties  of,  137 ;  cancer  of  bone,  366 

Cancer  cells,  138  143 ;  nuclei,  138 ;  nucleoli : 
I  6  forms  of  cells,  139 ;  polygonal  cells,  139 ; 
caudated,  fusiform,  140 ;  concentric  ;  mo- 
'  ther  cells,  agglomerated  nuclei,  141;  ele- 
ments mistakable  for  cancer  cells  and 
nuclei ;  fusiform  corpuscles  and  fibro-plastic 
tissue,  fibro-plastic  cells,  and  free  nuclei, 
cells  of  enchondroma,  tubercle-corpuscles, 
epithelial  cells,  142 ;  the  microscope  in  the 
diagnosis  of  cancer,  144;  epithelial  can- 
cer, 247 

Capillaries,  504 ;  structure,  505 ;  plexuses  of, 
505 ;  development,  512  ;  rasa  serosa,  506 ; 
capillaries  of  muscles,  414 

Cnpillary  network  of  liver,  539  ;  do.  plexuses, 
505 ;  do.  plexus  of  lungs,  579 ;  capillary 
lymphatics,  509 

Caput  gallinaginis,  553 

Carbonate  of  ammonia,  in  blood,  155 ;  do. 
lime,  where  found,  its  form  in  urine,  its 
source,  52 ;  do.  and  bicarbonate  of  po- 
tassa,  53 ;  do.  magnesia,  58  ;  do.  of  soda, 
53 

Carbonic  acid,  where  found  free  in  the  body, 
44 ;  its  amount ;  is  dissolved  in  the  blood ; 
how  formed,  44 ;  exists  in  all  animal  fluids, 

'    44 ;  note  ;  in  sweat,  230 

Carcinoma,  the  blood  in,  178 

Caries,  of  cartilage,  326 ;  of  bone,  335 ;  of 
teeth,  383 

Cartilage,  313-20;  simple  do.,  compound, 
313 ;  flbro-cartilage,  reticular  do.,  314 ; 
hyaline  cartilage,  315 ;  perichondrium, 
chemical  composition,  315  ;  properties  and 
uses,  316;  development,  growth,  317; 
articular  cartilages,  318 ;  pathological 
states  of  cartilage,  319-20 

Cartilage  cells,  multiplication  of,  126 

Cartilngeine,  peculiar  to  cartilage  and  fibro- 
cartilage,  99  ;  relation  to  chondrine,  uses, 
100 

Cartilaginous  skeleton,  350 

Caseine,  properties,  88 ;  origin  and  uses,  89 

Castoreum,  227 

Casts  in  uriniferous  tubes^  550 

CuUract,  603 

Cells,  114-30;  cell  wall,  114;  contained 
fluid,  115;  nucleus,  116;  pathological  de- 
velopments of  nuclei,  117-19 ;  tubercle- 
corpuscles,  118;  glomerulus,  119;  the 
nucleolus,  1 19  ;  cell-development,  122-6  ; 
free  do.,  120-2;  endogenous,  122-5;  do. 
by  multiplication,  126;  growth  of  cells, 
functions,  127-8;  pathological  states,  129 

Cellular  tissue  (see  areolar  tissue),  284 

Cementum,  372 ;  analysis  of.  373 ;  changes 
in  the  aged,  374  ;  development  of,  381 

Cerebellum,  462-4;  its  convolutions,  463; 
its  crura,  464 

Cerebral  hemispheres,  463-8  ;  their  white 
substance,  465  ;  gray  matter.  4C6  ;  ner\e- 
fibres,  467 

Cerebrum,  its  ganglia,  464-5 ;    optic  lobes 
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and  thaUmi,  and  corpus  tiriatam,  404; 
pineal,  and  pitaitary  body,  465 

Cerumen,  228 

Cemminons  glands,  492 

Cervix  ateri,  562 

Chemical  formalss  (refer  to  each  particular 
compound) ;  do  ,  composition  (refer  to 
each  particular  tissue) 

Chloride  of  sodium ;  in  every  human  solid 
and  fluid ;  quantity ;  forms  of  crystals, 
49  :  its  uses  in  the  blood,  and  in  food  ;  how 
leaves  the  body ;  its  crystals  in  urine,  50 ; 
most  abundant  in  cartilage,  316 

Chloride  of  potassium ;  where  found  in  the 
body ;  amount  in  murale  and  in  milk;  may 
be  formed  in  the  body,  50 

Chlorine,  36 

Chlorophyl,  135 

Chlorosis,  the  blood  in,  178 

Cholecterine,  75^  how  formed,  76 

Cholera,  the  blood  in,  177 

Cholesteatoma,  309 

Chololithi,  213 

Chondrine,  not  an  immediate  principle,  83, 
99 

ChonlsD  vocales,  573 ;  do.  tendiness,  499 

Chorea,  403 

Choroid  coat  of  the  eye,  597-8 

Chyle,  {MToperties ;  liquor  chyli,  149 ;  do. 
corpuscles,  145,  150 ;  quantity  of  chyle ; 
origin,  150;   uses,  151 

Cilia,  243-4 

Ciliary  motion,  244  and  note;  do.  ligament, 
595  ;  do.  processes,  599 

Ciliated  epithelium,  143,  246 

Cirrhosis  of  liver,  283,  540 

Clavus,  247,  493 

Cleavage  fibres,  1 13 ;  do.  masses,  124 

aitoris,  559,  569 

Coagulation,  81,  93;  how  modified  by  va- 
rious agents,  94 :  coagulation  of  blood,  151 

Cochlear  nerve,  454 

Cod-liver  oil,  79,  170,  note 

Collagenous  tissue  {eee  White  fibrous  tissue) 
278-84  . 

Colloid,  137 

Color,  of  hair,  134,  255 ;  of  eyes,  134 ;  of 
blood-corpuscles,  how  modified,  166 ;  of 
muscular  fibre,  397 

Colored  blood-corpuscles,  original  develop- 
ment, 126,  169 ;  description,  162 ;  size  in 
man  and  lower  animals,  162;  analysis, 
163  ;  gases  in,  164 ;  iron,  164,  noU;  fibrin- 
ous flakes,  165 ;  tendency  to  sink,  165  ; 
color,  bow  modified,  166;  number,  167; 
development,  169-70  ;  functions,  171 ;  me- 
tamorphoses, 172;  amount  in  lower  ani- 
mals, 174;  variations  in  various  diseases, 
179 

Colorless  blood-corpuscles,  145,  150;  deve- 
lopment, 166  ;  uses,  160  ;  stearosii  of,  162 ; 
increased  in  what  diseases,  179 

Colostrum,  203 

Columns  cameie,  499 

Columnti  of  Bertini,  645 

Columns  of  spinal  cord,  456  ;  of  medulla  ob- 
longata, 461 

Com|urt  bone  structure,  328-31 ;  develop- 
ment, 356-8 


Composition  of  the  blood  ;  Variations  in  dif- 
ferent healthy  conditions,  173 ;  do.  in  dif- 
ferent vessels,  174 ;  in  arteries,  portal  vein. 
174;  hepatic  vein,  splenic  vein,  placental 
vessels,  175;  menstrual  blood,  176;  in  in- 
flammation, fever,  cholera,  and  dysentery, 
177;  acute  exanthemata,  puerperal  fever, 
albumrnuria,  plethora,  hydrsemia,  anwmia, 
.chlorosis,  leucssmia,  pyaemia,  carcinoma, 
diabetes,  etherisation,  178 

Concretions,  in  Ihuscle,  407 

Condyloma,  247 

Connective  tissue,  274,  284,  288;  do.  do. 
cells,  189 

Contents  of  cells,  114,  127  ;  changes  in,  128; 
do.  of  blood-corpuscles,  163-4 ;  do.  of 
nerve-cells,  435 

Contractile  flbre-cells,  384 

Contractility,  401 

Contraction,  by  cells,  129 ;  do.  muscular, 
changes  during,  407 

Conjunctiva,  603 

Convolutions  of  cerebellum,  463 

Cornea,  its  structure,  280-2 ;  areas  senilis. 
282 

Corpora  lutes,  567  ;  do.  quadrigemina,  464  : 
do.  olivaria,  pyramidalia  and  restiformia, 
461 ;  do.  striata.  464 

Corpulence,  its  remedy,  77,  301 ;  eases  of, 
300 

Corpus  cavemosum,  550-1 ;  do.  Ilighmorian- 
ura,  554 ;  do.  spongiosum,  550 

Cowper's  glands,  551 

Cow  s  milk,  analysis  of,  206 ;  quantity  of, 
205,  note 

Creatine,  its  crystals,  origin,  67 

Creatinine,  68 

Crura  cerebelli,  464 

Crystalline,  not  itlontical  with  globuline,  97 

Crystalline  lens,  600-603  ;  its  tubes,  601 ;  its 
capsule,  602 ;  cataract,  602 

Cuticle  of  hair,  255  ;  of  Kkin,  479 

Cutaneous  secreti<fns,  225-31 ;  sebaceous  do., 
225-28 ;  perepiratinn,  229-31 

Cutis  anserina,  267,  493 

Cystic  duct,  536 

Cystine,  69 

Cysts,  in  the  kidney,  549 

Cytoblast,  120,  noie 

Cytoblastema,  120,  ttote 

Cytogeny,  120-6 

Cytoid  corpuwles,  144-5 ;  development  of, 
146 ;  uses,  147 

Cytology,  114-30 


D 


Dccidua  vers,  snd  rofl«»xft,  565 

Dentinal  globules,  370 

Dentine,  367-70 ;  intertubu^ar  (^iiKstance, 
%^% ;  analysis  of,  368 ;  the  tubuli,  369 

Dental  tissues,  367 

Development  of  cells,  122,  126;  of  pigment- 
cells,  35  ;  of  colorless  bio  xl-corpuscles, 
146,  160:  of  colored  do.  do.,  168-70;  oi' 
pus-corpuraleK,  191 ;  mucus-corpuncles,  197; 
milk  globules,  205 ;  spormatosoids,  209 ; 
epithelium,  244;    nails,  252;   hair,  262; 
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elastic  tissue,  272-4 ;  white  fibrous  tissue, 
282-3;  areolar  tissue,  291-3;  adipose  tis- 
sue, 305;  oartilage,  317;  bone,  350-62 

Deyelopment  of  kidney,  548 

of  membranes,  421 

——^  of  nerve-cells,  437 

of  sebaceous  glands,  488 

— —  of  smooth  muscular  fibres,  391 

of  sweat  glands,  491 

— —  of  tendons,  421 

of  teeth,  376-82 

of  vascular  system.  511-13 

of  striated  muscular  fibre,  399 

Diabetic  sugar,  70 

Diabetes,  glucose  in  secretions,  70  ;  state  of 
blood  in,  178 

Diaphysis,  336,  ftote 

Diatheses,  346 

Digestion,  effects  on  composition  of  bloo<l, 
173 ;  part  effected  by  gn^tric  fluid,  200 ; 
do.  do.  intestinal  fluid,  201;  do. 'do.  the 
saliva,  210 

Distribution  of  smooth  muscular  fibres,  587- 
88;  do.  in  lower  animals,  389  ;  of  striated 
muscular  fibres,  397 ;  do.  in  lower  animals, 
398 

of  nerve-fibres,  429 

of  nerve-cells,  435 

Dropsy,  of  cells,  130 

Ductus  communis  choledochus,  536 

Ductless  glands,  582-93 

Dura  mater,  470 

Duvemey's  glands,  559 

Dysentery,  the  blood  in,  177 


E 


Ear,  its  structure,  594-6 

Ecchymosis,  294 

Eczema,  493 

Efficient  force  of  muscle,  420 

Ejaculatory  ducts,  553         • 

Ejaculatio  seminif*,  558 

Elasticine,  peculiar  to  elastic  tissue  ;  use?,  100 

Elafitic  tieisue,   268 — 275   (see  Yellow  fibrous 

tissue) 
Elasticity  of  muscles,  419 
Elements,  chemical,   in    human    body,   35; 

sulphur,  phosphorufi,  calcium,  magnesium, 

sodium,  potassium,  chlorine,  36;  fluorine, 

silicum,  iron,  mangnnose,  37 

necessary  in  the  food,  37 

Elephantiasis  Graecorum,  404 
Emaciation,  307 
Emaciated  muscles,  407 
Emphysema,  286,  294 

of  lungs,  581 

Empyema,  496 

artificially  produced,  94 

most  common  when,  188 

Enamel,  370-2 

analysis  of,  372 

deyelopment  of,  380 

Encephaloid,  137 

its  cells,  125 

Encephalic  nerves,  446-54 

^  their  endowments,  446-7 

Encephalon,  455 


Enehondroma,  319 

Encysted  tumors,  308 

Endocardium,  499 

Endogenous  cell-development,  122-25 

Endosmosis,  defined.  110,  note 

Endosteum,  340 

Ependyma  ventrieulorum,  469 

Ephelis  hepatica,  137 

Epididymis,  556 

Epiglottis,  573-4 

Epilepsy,  463 

Epiphysis,  335,  note 

Epithelium,  234-49;  definition,  235:  its 
thickness,  site  of  cells,  236;  varieties; 
simple  scaly,  238-9;  pecnlt»rities,  238; 
compound  scaly,  240;  peculiarities,  240: 
epithelial  plates,  241;  in  lower  animals; 
simple  oonoidal  epithelium,  241 ;  distribu- 
tion, 242 ;  compound  conoidal  do.,  243 : 
ciliated  epithelium  :  the  cilia,  243  ;  distri- 
bution, 244:  varieties  of  epithelium  are 
respected  by  disease,  244 ;  development  of 
epithelium,  244 ;  reparation  of,  24^ ;  func- 
tions of,  245-46  ;  action  of  chemical  agents 
upon,  246  ;  pathological  conditions  of,  247- 
9  ;  warts,  corns,  condylomata,  epithelial 
cancer,  247;  new  formations  of,  248: 
oidium  albicans,  248 

Epithelial  cancer,  247 

Epithelium  of  skin,  development,  484 

Epithelioma,  247 

Epithelial  cells,  young,  143;  of  mouth,  143: 
no  peculiarity  of  form  and  contents,  at  first, 
235  ;  their  size,  236 

Etherization,  state  of  the  blood  in,  178 

Euplastic  and  cacoplastic  exudations,  186 

Exanthemata,  493 

acute,  blood  in,  178 

Exosmosis,  defined,  110,  fiotfi 

Exostosis,  320-3 

of  teeth,  382 

Extractive  matters  of  liquor  sanguinis,  152  ; 
increased  in  what  diseases,  179 

Exudations,  distinguished  from  serous  secre- 
tions and  transudations,  180-4  ;  definition, 
181 :  not  always  due  to  inflammation,  184  : 
differ  from  transudations  in  composition, 
185 ;  origin,  185 ;  uses,  186 ;  varieties, 
euplastic  and  cacoplastic,  186 ;  changes 
occurring  in,  186:  absorption,  organiza- 
tion, and  suppuration,  187  ;  organization 
of  exudation  modified  by  condition  of  the 
blood,  and  seat,  and  intensity,  of  inflam- 
mation, 188  ;  pus,  how  formed  in  exuda- 
tion, 189 

Exudation  cells,  188 

Exudation  corpuscles,  118,  145;  relations  to 
pus  corpuscles,  188 

Eye,  597—604 ;  its  membranes,  594 — 600 :  iti« 
humors,  600-3  ;  the  conjunctiva,  603 

Eyelids,  structure  of,  604 


Facial  nerve,  447 

Fallopian  tubes  {srr  Oviduct««,  563) 

False  membrane,  497 

Fasciss,  417 
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Fat  drope,  or  globules,  where  found,  74,  78 

•  Fat  in  blood,  amount,  162 ;  met  ot  77 ;  do. 

in  milk,  Ao.,  78 ;  do.  in  brain,  70,  473 

Fate,  eaponiflable  and  non-eaponiflable,  77 

Fattj  degeneration,  74-78,  d(K^13 

Fattj  principles,  73-80 

Fenestrated  layer  of  vessels,  602 

Ferruginous  layer  of  cerebellum,  117 

FeTers,  the  blood  in,  177 

Fibres  of  Remak,  429,  446 

Fibre,  simple,  112-14 

FibrillsB,  of  striated  fibres,  306 

Fibrillation  of  flbrine,  when  most  perfect, 
93-4 

Fibrinous  flakes,  166 

Fibrine,  89 ;  properties  ,*  appearance  of  eo- 
agnlam,  90;  is  not  ozydated  albumen, 
possesses  yitalitj ;  uses ;  91 ;  its  metamor- 
phosis; its  coagulation,  92 ;  its  fibrillation  ; 
when  most  perfect ;  bnffj  coat,  93 ;  not 
the  sole  plaMic  element  of  the  blood,  96, 
166 ;  amount  in  the  blood,  162;  uses  there, 
168 ;  increased  in  what  diseases,  178 ;  di- 
minished  in  do.  do.,  179 

Fibrous  cancer,  137 

Fibro-cartilages,  structure  of,  278,  314 

Fibro-cartilages  with  tendons,  419 

Fibro-cartilages  of  circumference,  342 

Fibro-plastic  cells,  fusiform  and  spherical, 
142 

Fifth  pair  of  nerres,  446 

Fiseiparous  cell  development,  126 

Fluoride  of  calcium ;  amount  in  bones  and 
teeth  ;  its  source  unknown,  61 

Fluorine,  37 

FoUieular  gUnds,  620,  629 

FormulsB,  chemical ;  refer  to  each  particular 
compound 

Fractures,  how  repaired,  364 

Freckles,  137 

Free  cell  development,  120-22 ;  pathological 
do.  do.  do.,  122 

Free  nuclei,  116,  117,  119 

Fontanelles,  360 

Functions  of  cells,  128;  primordial  cells,  pig- 
ment do.,  colorless  blood-corpuscles,  161 ; 
colored  do.  do.,  171 

Function  of  smooth  muscular  fibres,  39 ;  of 
striated  do.  do.,  401 


0. 


Oall-«tones,  76 

Ganglia  of  sympathetic  nerves,  444 ;  of  cere- 
brum, 464 

Ganglion  cells,  439 ;  do.  of  sympathctie 
nerves,  444 

Ganglion  fibres,  439;  do.  of  sympathetic 
nerves,  446 

Ganglionic  nerves,  444 ;  structure  of,  444-4 ; 
communicating  branches,  444 ;  their  gan- 
glia, 444 ;  ganglion  cells  and  ganglion 
fibres,  446 ;  their  distribution,  446 

Gases,  in  blood,  164 

Gastric  finid,  characters  and  composition, 
198 ;  quantity,  origin,  199  ;  uses,  200 

Gastric  peptic  glands,  199 ;  do.  favuli,  199 

Gelatinous  nerve  fibres,  429 

89 


Germinal  eminence,  666 ;  do.  vtsSole,  do. 

spot,  667 
Germinal  spot,  116  ;  do.  vesicle,  116 
Giraffe,  ligamentum  nuchss  of,  269,  272 
Glands,  various  forms  of,  476 
Glands  of  oral  cavity.  619—622 

follicular,  620 

Gland nlsB  soIitarisB,  630 ;  of  colon,  631 

agminatsB,  629 

Glandular  secretions,  202  to  224  ;  milk,  202 

to  207  ;  semen,  207  to  209  ;  saliva,  209  to 

210 ;  bile,  210  to   213  ;  pancreatic  fiuid, 

213 ;  urine,  214  to  224 ;  lachrymal  fiuid, 

226 
Glandular  epithelium,  237 
Globuline,  properties,  origin,  uses,  96 
Glomeruli,  78,  119 
Glossopharyngeal  nerve,  446 
Glucose,  70 

Glutin,  not  an  immediate  principle,  88,  98 
Glycerine,  76 
Goat's  milk,  206 
Graafian  follicle,  666 
Granules  in  cells,  115  ;  in  ova,  116  ;  and  in 

spermatophori,  116,  208 
Grape  sugar,  70 
Gray  commissure,  466 
Growth  of  bones,  363;  action  of  madder, 

363 
of  corinm  of  skin,  486 ;  sebaceous 

glands,  489 

of  teeth,  382 

of  cells,  127  ;  epithelium,  246  ;  nails. 


261 ;  hair,  266  ;  elastic  tissue,  274;  white 
fibrous  tissue,  283  ;  adipose  do.  306  ;  car- 
tilage, 317 ;  of  other  tissues,  {tee  each 
particular  tissue) 

Gubemaoulum  dentis,  376 

Gums,  structure  of,  376 


Hsematine,  only  in  red  blood -corpuscles ;  pro- 
portion, 101  and  163;  iron  combined  wiUi 
it ;  proportion  ;  origin ;  uses ;  transforma- 
tion, 102 ;  crystals  from  blood ;  relations 
to  hsematine,  103 

Hssmatoidine ;  occurrence,  origin,  102 

Hssmatoeis,  640 

Hssmato-globuline,  96, 163 

Hairs,  263  to  268 ;  the  shaft ;  its  fibrous  sub- 
stance, 263 ;  plates  of  latter ;  pigment  gra- 
nules; cavities  filled  with  air,  264;  color 
of  fibrous  substanoe ;  the  cuticle;  its  plates; 
the  medulla,  266 ;  hair  sacs,  root-sheath, 
267;  papilla,  260;  chem.  composition  and 
phyiieal  properties  of  hair,  269  ;  distribu- 
tion and  siie,  260 ;  development,  262 ;  fall- 
ing out,  264 ;  uses  and  physiological  rela- 
tions, 266  to  267  ;  hair  dves,  267 ;  patho- 
logical states,  267 ;  alopecia,  porrigo,  pUea 
Polonica,  268 

Haptogen  membrane,  116,  noi» 

Haversian  canals,  324  ;  do.  spaces,  326 

Heart,  498-9 ;  pericardium,  498 ;  endocar- 
dium, 499 ;  the  valves,  499 ;  vessels,  499 ; 
lymphatics,  600 ;  nerves,  600 

Helioine  arteries,  562 
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HemigpherM  of  cerebrum,  465 

Hepatic  arteries,  539 

Hepatic  cellfl,  533;  do.  ducts,  534-6;  reU- 

tions  to  the  cells,  536 
Hepatization,  red  and  gray,  188,  581 
Hepatic  sngar,  70 

Hepatic  yein,  pecnliaritief  of  its  blood,  176 
Herpes,  493 
Hippuric  acid ;  in  urine ;  form  of  crystals ; 

hippurate  of  lime,  sods,  and  potassa,  64 
Histology;  definition;  subdivisions,  105 
Histological  elements,  82 ;  bomogeneous  sub- 

stance,  107-9 ;  simple  membrane,  109-11 ; 

simple  fibre,  112 
Homogeneous  conneetiTe  tissue,  276 
Homogeneous  substance ;   definition,  distri- 

bution,  107;  two  varieties;  origin,  func- 
tions, 108 ;  stearosis  of,  109 
Hottentot  women,  corpulence  of,  800 
Housemaid's  knee,  423 
Humors  of  tbe  eye,  600-3 ;  crystalline  lent, 

600-3;  vitreous  body,  603 
Hyaline  substance,  108;  do.,  cartilages,  314 
Hydnemia,  the  blood  in,  178 
Hydrochloric  acid,  in  gastric  juice,  109 
Hydrochlorate  of  ammonia,  where  found  in 

the  body,  51 
Hydrogen,  where  found  free  in  the  body,  43 
carburetted  and  sulphuretted,  formed 

in  disease,  44,  note 

protoxide  (see  Water) . 


Hydrocele,  496 

Hydrops  pericardii,  496 

Hydrothorax,  495 

Hygrology,  145 

Hyperinosis,  178 

Hypertrophy  of  areolar  tissue,  293 ;  of  bones, 
365 

of  thyroid  gland,  589 

of  smooth  muscular  fibre,  391 
of  striated       "  "     405 


Hypinosis,  179 
Hypoglossal  nerve,  447 


Immediate  principles ;  definition,  38 ;  classi- 
fication, 39—41 

of  mineral  origin,  42-7 ;  oxygen,  43  ; 

hydrogen,  43 ;  nitrogen,  and  carbonic  acid, 
44 ;  water,  45 

saline  ;  classification,  40 ;  are  usually 


dissolved  in  water ;  uses ;  phosphates  and 
carbonates  of  soda  r^ace  each  other  in 
food,  48 ;  observations  of  B.  Jones,  49 

of  organic  origin ;  not  assimilable  ; 


quite  numerous ;  contain  but  9  simple  ele< 
ments,  59 ;  classification,  40-1 ;  lactic  acid, 
60  ;  uric  acid,  61  to  64 ;  hippuric  do.,  64  ; 
oxalate  of  lime,  64 

&tty ;  in  3  forms,  74 ;  fat  globules ; 


origin,  74 ;  uses ;  formed  in  liver,  75 ; 
cholesterine,  75;  oleine,  margarine,  and 
stearine,  76 ;  uses  of  fatty  principles,  77 ; 
secretions  containing  fat,  78 ;  remarks  on 
cod-liver  oil,  70 

organic,  or  coagulable,  80  to   104; 


general  remarks,  80  to  83 ;  have  no  definite 


chemical  eompoaiiion,  80 ;  thote  natanQy 
fluid,  83  to. 95;  solid  and  demiaolid,  96  to 
101 ;  coloring  substances,  101  to  104 

Inflammation,  eompodtion  of  tha  Uood  in, 
176 

Infundibula  of  lungs,  677 

Inosite,  97,  noie 

Interartioular  flbrowsartilagM  and  ligamaiilii, 
345-6 

Intestinal  fluid,  composition  and  ^haraetefi, 
200  ;  quantity,  origin,  uoee,  201 

Intrinsic  force  of  muscles,  420 

Involution  of  cells,  130 

Involution  of  muscular  fibres  of  uteruf ,  380 

Islets  of  liver,  532 

Iris,  its  structure,  599 ;  mnflonlar  flbraf,  dila- 
tor and  sphincter  pupillas,  599 

Iron,  37,  102,  164 

Iron  with  hssmatine,  102;  in  blood-ceUf,  164, 
note 

Isolated  cells,  131,  144 ;  pigment  «•!]«,  ISl- 
7 ;  oanoer  cells,  137 — 144 


J. 

Jacobson's  membrane,  452 

Jaundice,  540 

Joints,  their  structure,  340 


Keloid  tumors,  283 

Keratine,  100,  283 

Kidney,  542-48 ;  tnbnU  nriniferi  and  eon- 
torti,  543 ;  number  of  latter,  543  ;  vascular 
portion,  Malpighian  bodies,  545 ;  vessels 
and  nerves,  547;  chemical  composition, 
548 ;  function  and  development,  648 ; 
pathological  conditions,  549 

Kiesteine,  not  allied  to  caaeine,  89 


Lachrymal  fluid,  225 

Lactate  of  soda,  potassa,  and  lime,  61 

Lacteal    gland,    fabricates   sugar,  72;    its 

structure,  569-71 ;  structure  in  new-bom 

child,  571 
Lacteals,  528 
Lactic  acid,  60 ;  lactates  of  soda,  potassa  and 

lime,  61 ;  in  gastric  juice,  199 ;  in  urine, 

218 
Lactine,  72 
Lactose,  72 
LacunsB  and  pores  of  bone,  328,  328,  330 ; 

developmeqt  of,  354 
Lambert,  Daniel,  his  corpulence,  300 
LamellsB  of  bone,  fundamental,  328 ;  special, 

329 
Lanugo,  260 

Large  intestine,  structure,  531-2 
Larynx,  its  structure,  573 
LeucBBmia,  160-1 ;  the  blood  in,  175 
Lieberkiihn's  glands,  528,  531 
Ligaments,  structure  of,  278  ;  do.  of  tendons, 

418 
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Ume,  oarbonftle  of,  61 ;  oxaUle,  64 ;  phoc- 
phate,  64 ;  ralphate,  68 

lapomft,  308 

Upyl,  oxide  of,  76 

Liquor  HUBgainif,  anAlyiif ,  161 ;  origin,  163 ; 
asM,  166 

LIttro'i  glradfl,  661 

IiT«r,  nbriosUf  fugftr,  71 ;  its  itmoture, 
632^-46;  0Ufl8on'f  captale,  hepatic  cells, 
633;  duotf,  634-6;  their  sacculi,  637; 
oapilUuj  network,  639 ;  composition  of 
liver,  640;  Amotion  and  pathological 
fltatei,  640 

Lobular  paasaget,  676-7 

Lobnles  of  lirer,  633;  do.  of  longs,  677 

Looee  eartilaget  in  joints,  310 

Lsngs,  676-4o ;  plenra  ;  the  bronchi,  676 ; 
pulmonary  arteries,  676 ;  bronchial  do., 
676;  nerresoflung,  676;  lobnles  of  long, 
677 ;  terminal  air  inbes,  677 ;  air  cells, 
677 ;  infnndibnla,  lobular  passages,  677 ; 
plezns  of  capillaries,  670;  function  of 
fnngs,  680 ;  development,  680 ;  pathologi- 
cal states  of,  681 

Lvpos  ezedens,  384 

Ljm]]^,  147-8 ;  lymph  corpnscles,  148 

Lymphatic  Teasels,  600;  do.  glands,  610; 
development,  613 


M 


Madder,  action  on  bones,  363 

Magnesia,  phosphate  of,  66 ;  carbonate,  68 

Magnesium,  36 

Malpighian  bodies  of  kidney,  646 ;  do.  of 
spleen,  686-6 ;  do.  layer  of  skin,  thickness, 
481 

Mammary  gland  (ms  Lacteal  gland),  660 

Manganese,  37 

Mares'  mUk,  206 

Margaric  acid,  crystals  in  fht-cells,  205 

Mai^arine,  76 

Marrow,  of  bones,  330 ;  two  varieties,  stmc- 
tnre,  340 

Medulla,  of  hair,  266;  of  bone,  330;  of 
nerve-fibres,  426 ;  do.  oblongata,  and  pons 
Yarolii,  460-2 

Medullary  cavity  of  bones,  uses,  840 

MeibomiMi  glands,  487;  do.  secretion,  228 

Melanine,  104 

Melanotic  cancer,  188 

Ifombimna  graaalosa,  230;  do.  hyaloidea, 
603 ;  prsformativa,  370 

Membrane,  simple,  100 

Membranes,  the,  473-07;  skin,  476-86; 
mucous  membranes,  494-6  ;  serous  mem- 
branes, 406  ;  false  membranes,  497  ;  sy- 
novial membranes,  844 

— ^  of  the  eye,  604 — 600  ;  sclerotic,  607  ; 
choroid,  607-8;  cornea,  280;  retina, 
460-2 

•of  nervous  centres,  468-75;  pia  mater. 


468 ;  arachnoid,  460 ;  ependyma  of  ven 
tricles,  460 ;  dura  mater,  470 ;  nerves  of 
the  membranes,  471 

Menstruation,  changes  in  uterus  during,  664 

Menstrual  fluid,  176 

Microscope  in  diagnosis  of  cancer,  144 


Miliaria,  493 

Milium,  494 

Milk,  202-6 ;  do.  of  lower  animals,  206 

globules,  116,  203 

— ^—  sugar,  72 

Milk-teeth,  time  of  eruption,  881 

Minerals  necessary  fai  Ibod,  87 

Moles,  137 

Mother-ceUs,  141 

Mulberry  calculus,  66 

Multiplication  of  cells  by  division,  126 

Mummy,  weight  of,  32 

Mucosine,  84 

Mucous  membranes,  404-06;  pathological 
states,  495-6 ;  have  no  specific  character, 
195 

Mucus,  198-200 ;  quantity,  107 ;  uses,  108 ; 
varieties ;  and  synovia,  198 ;  gastric  fluid, 
198-200  ;  intestinal  fluid,  200-2 

'  corpuscles,  146 ;  not  peculiar  to  mu- 
cus, 196 

Muscles,  structure,  408-22;  aponeuroses, 
tendons,  400 ;  belly  of  muscles,  its  struc- 
ture, 410  ;  connection  of  tendons  with  it, 
411 ;  do.  do.  do.  with  the  bones,  412-13 ; 
vessels  of  muscles,  418;  lymphatics  of  do., 
414;  nerves  of  do.,  414;  physical  proper- 
ties, 419 ;  intrinsic  and  effective  force,  420 ; 
sensibility,  421 ;  development,  421 

Muscular  envelops,  417;  do.  fluid,  67,  07, 
386,395 

—  tissue,  384-^8;  non-«frMfMf  muscular 
tisnie,  384 ;  its  vessels,  886 ;  chemical 
composition,  muscular  fluid,  886  ;  distribu- 
tion, 387-8 ;  do,  in  lower  animals,  389 ; 
thoM  of  uterus,  388 ;  function,  890 ;  de- 
velopment, 391 ;  pathological  conditions, 
391 ;  striated  muscular  tissue,  391-408 

Muscnline,  97 ;  its  nourishing  properties  di- 
minished by  boiling ;  its  transformations, 
98 ;  its  muscular  fibres,  384-96 

Myolemma,  393-6 

Myoline,  894 


Nails,  249-253 ;  bed  of  nail,  249 ;  its  wall, 
body,  and  root ;  lunula ;  two  layers  of  nail, 
250 ;  structure,  growth,  natural  length, 
251;  development;  are  imperfectly  rege- 
nerated, uses,  252 ;  pathological  states  of 
nails,  252 ;  in  phthisis  and  cyanosis,  253 

Nasmyth's  membrane,  371 

Necrosis,  366 

of  cartilage,  320-6 

of  teeth,  883 

Negro,  cuticle  of,  133 

nearly  white  at  birth,  135,  486 

Nerve  cells,  434-37;  various  forms,  484; 
contents,  435;  dis^bution,  physical  pro- 
perties, 435 ;  functions,  436 ;  oevelopment, 
437 ;  pathological  sUtes,  437 

Nerve  fibres,  coarse  and  fine,  428,  427 ;  de- 
velopment of,  431;  Amotion,  430;  pale 
nerve  fibres,  428 

Nerves  of  heart,  500 

of  kidney,  548 

—  of  muscles,  416-16 ;  do.  in  lower  ani- 
mals, 416 


483;  I 


onei.  338  ;  of  Bhort  da. 
B   af,    138~M ;    periDcu 


.  ofT. 


(iwf,  itrnctnre  of,  45^-72;  tb« 
«ljiaBl  ootd.  ibS-ta  ;  the  cnoephnloD.  4S0- 
li;  asdnllft  oblongata,  400-2;  ttae  I1•!re■ 
bel]unl,4^2^  g&ngli»ofcerKbrani.  4S4-ft ; 
oerebr»1  hainiBphetej,  48S-8;  mi-mbraDei 
of  DerVDDa  eentreH.  4eS-Ti  ;  chemiol  i^om- 
poeillon  otoerniMa  cuDtrei,  473  ;  (unclionB, 
174  j  puthologkiil  BlAliii,  4T6 

tan  ot  nervea,  438-M  i  iCniclnre  at  Mtv- 
Diu  oentns,  iai-72 

Ngrrnns  tiuai,  423--3T  ;  flbrons  nerre  Ussne, 
423^1;  th«  nuiflemmk,  QeuriDs,  42S ; 
■lig-flbre,  425;  inedalla  or  palp.  426; 
poaree  fibres,  424-27  ;  nerrine,  416;  non- 
moduUat^d  fibrt.,  4!B  ;  Bna  fib™,  427-29; 
chemioal  CDmpniitlnn.  fDDOtioD,  430 ;  dc- 
Telopmeat.  431-3;  gronlh,  rFgenEralion, 
433  I  pdthalogical  slate  nod  new  furma- 
tiuaii,  133  i  cellular  nerre  tidtue,  434-37 

^fenrilemma,  42fi 

Ne<r  formation  of  bone,  Hit 

1,  218  ;  of  bair, 


267; 


me,  2T4 ;  i 
eoe,  205 


New  membranes,  407 

Nitrogen,  where  found  free  in  the  bod 

iUi  amount ;  La  dis^olred  in  Ibe  bloo 

in  the  iweat,  230 
Nun-strialed  musonlar  flbre,  384-02 


>,  103 


,   101  i 


101-3 


Organi  ofeenaea,  fi04-«n4;  of  touch,  47«-nt; 

of  tMt«  bIS-tS  (  Bmell,  448 ;  heariag.  4£S. 

504-6;  Tialon.  440-53.  507-604 
Oeacnni  tiaeae.  321-30  ;   ultimate  rimnolu. 

321;  laoan»  and  poree,  323  ^    BaTer^an 


oellaled  bone  atrDotnrc,  327  ;  eompwt  do., 
328-31;  chamioaleompoaition.  3S2-5;  pro- 
perti«>  and  hki  ;  diatrlbntloD,  SSb ;  do.  in 
lower  animab,  33S 
Oarificatlon  of  moMlet,  40T;  in  Tarioma  lii- 
anea.  SM 

a  bone  and  nhitc  flbroni  tisM ; 

I  to  glntin,  08;  amonntin  b«a^^H 

rmed;    OHa;  !>  natHtiou;  tftj^^H 

3G5  ^^^H 

ij-roaia,  306  ^^^^H 

wia.  365  ,^^H 

>ei;  OTuio,G66;  eorpen lalM^^^^H 

if  lime  I  where  foond,  (4  ;  M^^^^| 
me  of  orfsUle,  65  ;  do.  do,  '*M^^^^H 


OntBOpbjaaa,  335,  3G5 
OateoparDsia,  335,  366 
Oeteopsatlij-rDaia,  306 
OateOHlenwie,  !"• 
Obolitha,  453 
Ovuiae. 
Otiducti 


Oxtlie  diattaeria,  a  Sation.  ST 
Oxygen,  where  found,  free,  in  the  blood.  43 ; 
''    amonat.  43;    naei,  qaanlitj  annnallj 


k 


Obesity,  ciwi  of,  300  ;  remedy  for,  300 

(Edema,  304 

oflanga,  582 

(EaopbBgaa.  ita  atructnie,  522 

Oidium  albieana,  218 

Oleine,  76 

Ollkotory  nerve.  44S  ;  alrnotnre  and  distri- 
bution. 148-0 

Optic  cbiasma,  140,  4S4 

Optio  nerre,  440-53;  optio  chianna,  449; 
the  retina;  tta  fire  lajen,  450-63;  the 
rodi  and  oonea,  453  ;  optic  thalami,  164 

Oral  caTlty,  514-22;  epithelium;  corium, 
522;  papiltn  of  longae,  515-18;  glanda 
of  oral  oavit;,  5IB-20  ;  loneUa,  521 ;  sail- 
Tar?  glandu,  511 

Organic  immediate  priDoiplea,  deflnitiou,  80; 


leobiDnian  bodlea,  106 

iciDiKD  bodies.  443  ;  on  bones.  339 

mcreaa,  540  ;  ite  dacle,  T 


—  circnmcailalB,  516 


-  of  hai 


.  259 


Papilloml 
Paralyaig,  «ua 
Panvlyied  muiclei,  466 
Paraaitea  in  muKlei,  40T 
Fathniogical  statet  of  wbaoaoui  gland*,  494 
Pathological  statea  nf  Darre-eell*.  4ST;  of 
other  tiatau  (He  eaola  tiara*) 
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PilTMBelki«€pHll6Ull]ll,  SS7 

Penif,  ito  stnictare,  561-3 ;  itf  aerVM,  568  ; 
•rectioB  of,  558 

Pemphigus,  408 

Peprine,  199 ;  Aotlon  of,  200 

Pepiie  glands,  525 

Peptones,  200 

Perieardiun,  498 

PeriehondriiuB,  279 ;  pertehondritis,  820-6 

Perimysium,  289 

Perinenriam,  270,  280,  280,  410,  488 

Periosteum,  279,  841 ;  strnotore  of  two  lajers, 
842 ;  bone  suifaces  not  covered  by  it,  842 ; 
pathologioAl  states  of,  800 

Permanent  teeth,  882 

Perspiration,  properties,  228;  composition, 
239 ;  gases  contained  in  it,  amount,  229 ; 
origin,  uses,  effects  of  a  "  check  of  perspi- 
ration,''281 

Ptofvpiratory  glands,  229 

Peyer's  patches,  530 

Pharynx,  its  structure,  522 

Phosphates  of  ammonia,  and  magnesia,  60 

--»—  of  magnesia,  distribution  ;  in  bone, 
raries  with  phosphate  of  lime ;  more  abun- 
dant than  the  latter  in  muscle,  origin ; 
how  eracuated,  50 

Phosphate  of  lime,  in  every  fluid  and  solid 
of  the  body ;  proportion  in  different  parts, 
bones,  blood,  Ac.,  64;*combined  in  bone 
with  osteine ;  forms  as  a  urinary  deposit ; 
uses ;  origin ;  how  leaves  the  body ;  acid 
phosphate  of  lime,  55 ;  calculus  of  phos- 
phate of  lime,  64 

Phosphate  of  potassa,  abounds  in  muscles  of 
calf;  origin,  58 

Phosphates  (neutral  and  acid),  of  soda,  as 
immediate  principles,  67-58 ;  in  urine,  218 

Phosphates  in  brain,  Ac.,  478 

Phosphorus  in  brain,  Ac.,  80 ;  with  albumen, 
85 

Physiology  of  cells,  120-129 

Pia  mater,  408-9 

PScment-cells,  131-187 ;  peculiarities,  distri- 
bution, 181 ;  in  skin  of  negro ;  in  lungs ; 
freckles,  132 ;  peculiar  forms ;  pigmentnm 
nigrum ;  do.  of  lower  animals,  188 ;  color 
of  hair  and  eyes,  184 ;  acne ;  development 
of  pigment-cells;  function,  185;  regenera- 
tion, ISO ;  pathological  formations,  137 

Pigmentary  degeneration,  of  cells,  180 

Pigmentum  nigrum,  188 

Pineal  body,  405 

Pituitary  body,  405 

Plasma,  95 

Plethora,  the  blood  in,  178 

Pleura,  675 

Pneumate  of  soda,  07 

Pneumic  acid,  07 

Pneumatosis,  294,  6 

Pneumogastrio  nerve,  440 

Polypi,  of  the  stomach,  498  ;  do.  heart,  96 

Pons  Varolii,  400 

Portal  canals,  588 

Portal-hepatic  plexus,  582 

Portal  vein,  588 ;  peculiarity  of  its  blood,  174 

Potassa,  carbonate  and  bicarbonate  of,  53 

—  sulphate  of,  58 

Potassium,  80  (ms  Chloride  of  potassium) 


Pores  of  bone,  828 

Pregnancy,  changes  in  uterus  during,  505 

^-^—  composition  of  the  blood  in,  178 

Primary  bones,  850 

Principles,  immediate  (ms  Immediate  princi- 
ples) 

Primordial  cells,  180 

Proteine,  83 ;  its  compounds,  88,  90,  noU 

Prostate  gland,  558 

Prurigo,  494 

Puerperal  fever,  the  blood  in,  178 

Pulmonary  arteries,  570 

Pulpof  si^een,  584 

of  teeth,  875,  378 

Pus,  albumen  in,  87 ;  origin  of,  189 ;  compo- 
sition, 189 ;  liquor  puris,  189 ;  pus-corpus- 
cles, 190 ;  how  long  is  pus  in  forming,  192 

Pus-corpuscle,  110,  146,  190,  192 ;  uses,  193 ; 
how  formed,  191;  relation  to  exudation - 
corpuscle,  188 ;  time  required  for  their  de- 
velopment, 191;  stearoeifl  of;  192;  "ste- 
rile cells,"  192 

Ptyaline,  83 

Pysemia,  100 ;  the  blood  in,  178 

I^ramids  of  Malpighii,  642 

of  Ferrein,  543 


Quantity  of  the  blood,  178 


R 

Rachitis,  886 

Regeneration  of  areolar  tissue,  298 ;  of  the 
other  tissues  (Mseach  particular  tissue) ,  480 

Reparation  of  bones,  803 ;  after  fracture,  804 

Respiratory  organs,  572,  582 ;  air-passaces ; 
nasal  passages,  672 ;  laiynx,  573 ;  trachea, 
574 ;  lungs,  575,  580 ;  development ;  ftanc  - 
tion  of  respiratory  apparatus,  580 ;  patho- 
logical states  of  lungs,  581 

Reticular  cartilages,  814 

Retina,  Ave  layers  of,  460-8;  its  rods  and 
cones,  452 

Richardson,  Dr.,  on  causes  of  fluidity  of  the 
blood,  95,  nOke 

Rigor  mortis,  408-5 ;  duration  ;  order  of  ap- 

Jearance;    how  modifled   by  electricity, 
04-5 ;  in  smooth,  muscular  fibres  also,  405 
Rodentia,  hairs  of,  257 
Roots  of  spinal  nerves,  439 
Rubeola,  403 
RugsB  of  vagina,  502 
Ruptured  muscular  fibre,  407 
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Saeculi  of  hepatic  ducts,  587 

Saliva,  properties,  209 ;  do  of  each  salirarr 

gland;   quantify,  209;   origin  and  use?*: 

chemical  agency,  210 
Salivary  glaMs,  structure  of,  521 
Salt,  common  (jm  Chloride  of  sodium) 
Salts  in  human  body,  47-58 ;  general  remark?. 

48  ;  in  liquor  sanguinis,  uses,  155 ;  in  what 

diseases  increased  or  diminished,  179 


89* 


SAponifiabte  fata,  TT 
SaraomsCuus  tumors,  S 
SdnrULlna.  IB  3 


ScbueoaiBlaadt.  180-8;  mini 

iRS;  dsvelopmiiit,  488 
Sebiueaiu  Moretion,  properti«e 

liB;  ksibomiui  fluiil  i 
Seoondar;  buDet,  SSO-S ; 


timA.22T;u 

BFBlDpmeDt,  3 


SBCMtionbyij 

irs— 181 
Semsa.  S07-S 


f,  208  ;  origin  ■: 


ta  dentrojiDg  their  motlor 
anulaa  or  epcrmsitophor: 
tofspennatotoidt;  recoj 


a,  200 


!,  BSO-7 
SBTuibiJit7  of  muHlei,  131 

ofWuth,  3IB 

S«pl*,  131 

Seioline.  i  sompoand  labBtanoe,  TS 

gerooB  membraae,  496  ;  taactioa,  406 

patliologioal  state  of,  19« 

SeroDii    ■aaretioni,    17U-1B1 ;    diBtingalsb 


,,  180; 


ing  usounU  of  tlbi 
quantity,  origin,  and  tuc),  181 

Sunim  ofblood,  1S3-1;  oompoeilion,  1&3 

Seiamnid  bone*,  41B 

Sei.  cffeol  on  compoKition  of  blood,  ITS 

SeiDBl  orgaoi,  SSO— &T2  ;  oftbe  male,  S5P-8  \ 
oftba  female,  U9— !>T2  ;  male  urethra,  ibO  | 
penis,  bil ;  proatste  gland,  SS3  ;  Tesicala 
feminalei,  OS;  tentea,  5&4~T;  the  semen, 
ibS;  tbernlTai  vagina,  £58  i  Dtenu  and 
OTidacts,  bliO-6 ;  ovaries,  56S  ;  ovum,  SSe ; 
oorpora  luCea,  5fl7 :  wniibilitj  of  the  ute- 
-s,  669;  lav  teal  glands,  £60—571;  nipple 


and  areola,  970 


I,  IIS 


Skin 


b 


M  ODriom,  17IS-7  (  papillK.  477  ;  thalr  rile 
anddislribution.lTS;  basement  membrane 
of  skin,  epithelium,  179 ;  iu  thiuknen, 
480;  thi<iknuiofilnitDmHalpighil,lS1; 
oomposition  and  properlieB  of  t&in.  182; 
Tewls,  182 ;  iTmpbatiia,  483  i  nervea,  18a ; 
developmeat,  181;  iti  gfoirth,  4SS  ;  re- 
generation, ISO  ;  funetions,  4g2-3;  patho- 
iogicBl  condi lions,  493 
SkaletOD,  iUsomparativa  weight,  348,    notr 


Small  lalaBtina,  ti 

of,  S2S-3I 
Smegma  iirtcpntli,  33B  and  neu,  I 


33 


-lous  kinds,  403 

Bpermaoeti,  303 

Sperm  atophorl,  S08 

Spermatoioids,  116;  daaeriptioa  of,  307; 
velopment,  208,  SST ;  U  urine,  214 ,  - 
ments  of,  6i8 

Spinal  nerves,  atraetar*  of,  139-13;  their 
roots,  439;  ganglia,  139;  ganglion -eetla, 
430  ;  gang!  ion -fibres,  441 ;  proportion  at 
ooarsefibresin  spinal  nerves,  441 :  Paoiniau 
412-3 


I 


Spin, 


a.  117 


,  inalaord,  4it-tO;  longitadinal  flbraa,  1 
boritootal  do.,   157;    Bbree  in  gra;  sah. 
aUnoe,  4&7  ;  motor  flbr«9.  4&g  ;   senliliTe 
roots,  1S8 ;  gray  substanco  of  cord,  4^9 

Spiral  fibre  of  InseFta,  113.  neu 

Spleen,  &83-87 ;  its  envelope,  583 ;  pulp,  584  ; 
Malplgbiao  bodies,  585-S ;  venala,  (84^ 
fonctioBS,  davelupment,  587  

Splenio  rein,  peculiaritiai  of  iti  blood,  ITS    ' 

SpleniiatioD  of  langr.  581  " 

Spata  of  acuta  pneumonitis,  193 

SUarine,  TA 

Stearosis,  71,  78;  of  e  alb,  179;  b 
36fl ;  heart,  mnscles,  kidnej, 
liver,  311;  arteries,  313^  eartilage',  119; 
oapillaries,  513;  of  eplhallal  obUs  of  broD- 
Dhlsl  tulies,  58S;  of  smooth  mnacular  fthia, 
392;  do.  ofatrUuddo.  <lo.,  40« 

Stealoma,  308 

Sterile  felts,  192 

Sliochiolog}-,  definition,  35 

Stomach,  Its  strtiotiire,  523;  hepsUo  >In 
524-4 

Stre nglh  of  bones,  31S-9 

Striated  muscalar  fibre,  392-408.  tb*  ID70- 
Jeinma,  39.1,  300  ;  m;cline,  flbrillB,  391; 
oheiuioal  ootaposition  of,  3B4,  39S  ;  mnacn- 
Ur  fiuid,  305;  masealiae,  enlar  of  striaied 
fibres,  their  diatribution.  397 ;  do.  and  pa- 
collar  forma  in  lower  anitoala,  398 1  de- 
velopment, 309  ;  function  of  striated  lbn«, 
contraotUity,  401-20 ;  heat  evolved  doriDg 
eontraotlon,  tonicity.  402;  modified  000- 
traetilily,  spaam,  103 ;  rigor  mortia.  403-5 ; 
pnthalogioal  aUtaa  of  striated  fibres,  405-T 

Striped  lamelUe.  503,  508,  5D9 

Styptic B,  action  explained,  M 

Subalantia  grisea,  do,  gelatinosa,  45A-8 

Sudoriferous  glands  (la  Sweat  glanda).  4fi9- 
02 

Sugar  of  liver  and  of  milk,  ranarki  on,  TO ; 
of  milk,  its  qoanlily.  origin,  ums,  73 ;  iU 
matamorpboset,  71 

Sulphate  of  aoda,  where  found  [n  the  body, 
OSes,  origin,  53 

orpotassB,  amount  in  the  blood,  BSM, 


INDBZ. 


616 


BolpliAte  of  lime,  M  an  immadiAto  priiioiple» 

M 
Sulphv,  86 ;  with  albumen,  85 
SnperfleUl  fkaoia,  289-00;  ite  aitaohment, 

uioknetfl,  relation  to  arteriei ,  200 
Snnra-renal  glanda,  693-3 ;  oortieal  and  me- 

dullary  portions,  508 ;  nerret  and  Teneli, 

fonetion,  derelopment,  508 
Snppiiration,  187 ;  when  defirable,  108 ;  when 

not,  108 
Sweat  dnoti,  400 

Sweat  glandf,  220,  480-02 ;  nnmber,  aggre- 
gated length,  480 ;  minnte  stmetore,  400 ; 

deTelopment,    401;    pathological   itatei, 

404 ;  oemminons  glandfl,  402 
Sweat  {M$  Perspirat&n),  228 
Sjnarthrosii,  847 
Synorial  bnme,  105 
Synorial  membranes,  844,  406;  not  oloted 

nos,  intimate  stmctare,  epithelium,  ras- 

onlar  processes,  synovia,    345 ;    synoyial 

nos,  418 
Sympathetic  nenre-flbres,  so  called,  428 


Tarsal  cartilages,  604 

Tartar  of  teeth,  388 

Teeth,  374-83 ;  cortical  portion ;  palp,  875, 
878 ;  the  gam  ;  alveolar  perioeteam,  875 ; 
uses  of  teeth,  375 ;  their  sensibility,  376 ; 
development,  376-81 ;  formative  stages, 
376  ;  development  of  dentine,  379 ;  of  ena- 
mel, 380 ;  oementam,  881 ;  emption  of 
milk  teeth,  381 ;  of  permanent  teeth,  382 ; 

Srowih  of  teeth,  882 ;  pathological  states, 
82 ;  abnormal  developments  of,  383 
Tendency  to  sink,  of  blood-corpasoles,  165 
Tendons  and  ligaments,  how  connected  with 

bones,  846 
Tendons,  straotare  of,  408-0 ;   composition, 

400 
— ^  connection  with  bones,  Ac.,  411-12 
^—^  development,  422 
^-^—  vessels  of;  stmctare ;  do.  of  aponea- 

roses,  278 
Tessellated  epitlvBliam,  237 
Testes,  554-7;  stmctare  of  seminiferoas  tabes, 

556-7 
Testis,  section  of,  270 
TeUnos,  403 
Third  pair  of  nerves,  447 
Thoracic  dnct,  500 
Thymos  gland,  500-2;  its  stmctare,  500; 

involation ;  fanotion,  501 
Thyroid  gland,  588-0  ;  its  vessels ;  patholo- 
.   gioal  enlargements,  580 ;  analysis  of,  580 
Tissaes,  classiflcation  of  the,  233 
Tongae,  its  macoas  membrane  and  papiliss, 

515-18;  affections  in  disease,  518 
Tonicity,  402 
Tonsils,  stmctare  of,  521 
Tcrala  cerevisisB,  70,  note ;  in  nrine,  216 
Trachea,  its  stmctare,  574 
TrachesB  of  insects,  113,  note;  and  172 
Transadations,  86, 181-3 ;  distinguished  from 

serous  secretions   and    exudations,    180 ; 

enumeration,  ooUiquative  sweats,  diarrhoea. 


Ac.,  181 ;  are  a  physical  necessity,  when, 
182 ;  normally  contain  no  flbrine ;  vary- 
ing quantity  of  albumen  in,  182;  do.  com- 
position of,  183 ;  do.  quantity ;  oies,  188 

Trigeminus  nerve,  446 

Trismus,  403 

Tubercle-corpuscles,  117 ;  analysis  of,  118 ; 
contain  little  fat,  distinguished  from  pas- 
corpuscles,  118 ;  cretaceous  transformation, 
118 

Tuberole  in  air-cells  of  the  lungs,  582 ;  of 
bone,  366 

Tubes  of  crystalline  lens,  601 

Tttbuli  of  teeth,  360 

Tubuli  uriniferi ;  do.  contorti,  548 


Ulceration,  of  cartilage,  810 

Urate  of  soda,  63 ;  do.  of  ammonia,  68 

Urea  diathesis  disproved,  00 

Urea ;  its  crystals ;  where  found ;  where  in  dis- 
ease, 60 ;  origin ;  increased  in  delirium  tre- 
mens, 60 ;  amount  in  urine,  217-18 

Ureters,  542 

Urethra,  of  female,  541;  of  male,  550 

Uric  acid  diathesis  disproved,  66 

Uric  acid ;  proportion  in  urine ;  various  forms 
of  its  crystals ;  circumstances  increasing  it, 
62 ;  calculus  of  uric  acid ;  orate  of  sodado. ; 
lateritious  sediment,  68 ;  urate  of  ammonia ; 
form  of  crystals,  64;  amount  in  urine,  218 

Urinary  concretions  (calculi),  223-4 

Urinary  apparatus,  541—550  ;  bladder,  541 ; 
ureters,  542;  kidney,  542-8 

Urinary  deposits,  222-3 

Urinary  passages,  541 

Urine;  properties;  morphological  elements 
in,  214 ;  spermatoioids  in ;  epithelial  cells ; 
pus-corpuscles ;  mucus  do.,  214 ;  blood-cor- 
puscles ;  casts  of  tubuli ;  fibrinous  casts  ; 
organic  globules,  large  and  small,  215; 
torula;  vibriones,  2;  saroina  ventriculi, 
216 ;  chemical  analysis ;  urea  increases  with 
spec,  gravity,  217  ;  and  with  other  circum- 
stances, 218;  uric  acid,  formic,  lactic,  crea- 
tine, creatinine,  chlorides,  and  sulphates, 
218 ;  substances  passing  unaltered  into  the 
urine ;  rapidity  of  passage,  210  ;  abnormal 
elements  in  urine,  210,  220 ;  quantity  of 
urine,  220 ;  origin  of,  221 ;  uses,  222  ;  uri- 
nary deposits,  228 ;  urinary  calculi,  223-4 

Uterus  and  oviducts,  560-5 ;  stmctnre  of  ute- 
rus, 560-3 ;  its  glands,  561 ;  its  cervix,  stmc- 
ture,  562-3 ;  ovula  Nabothi,  563 ;  oviducts, 
563 ;  round  ligaments ;  broad  do. ;  do.  ova- 
rian, 564 ;  changes  in  the  uterus  during 
menstruation,  564 ;  do.  during  pregnancy, 
565 ;  its  smooth,  muscular  fibre,  388-0 


Vagina,  560;  its  papillsD;  nerves;  vessels, 

560  ;  its  sensibility,  569 
Valves,  auriculo-ventricolar ;  do.  semilunar. 

400 
Variety  of  aliment  necessaiy,  87 


ERRATA. 


Page   44,  2d  line  from  liottoxn,  for  "pneumonic,'*  read  *'/>neumtc." 
"       71,  2d  Une    **         «        of  foot  note,  for  "proportions,''  read 

"  propositiom," 
''     236,  line  12tl^  and  page  508,  line  17ih  fix>m  bottom,  for  "  when," 

read  "  where," 
*'     265, 4th  line  from  bottom,  for  "  (,"  read  «  ig." 
"     425,  line  10th,  for  « tte,»»  read  « their.'' 

"     428,  Unes  6th  and  16th,  for  "  Pacchionian^"  read  "  Pacinian/' 
"     489,  line  9th  from  bottom,  for  "  39,653,"  read  "  39,653(?)." 
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We  can  only  add  that  no  exertions  are  spared  to  merit  a  continuance  of  the 
gratifying  confidence  hitherto  manifested  by  the  profession  in  all  works  bearing  oor 
imprint. 

BLANCHARD  &  LEA. 

PHILJkDBLPHlA,  AugUSt,  1858. 

*^  We  have  now  ready  a  new  Illustrated  Catalogue  of  our  Medical  and 
Scientific  Publications,  forming  an  octavo  pamphlet  of  80  large  pages,  containing 
specimens  of  illustrations,  notices  of  the  medical  press,  &c.  &c.  It  has  been  pre^ 
pared  without  regard  to  expense,  and  will  be  found  one  of  the  handsomest  specimens 
of  typographical  execution  as  yet  presented  in  this  country.  Copies  will  be  sent  to 
any  address,  by  mail,  free  of  postage,  on  receipt  of  nine  cents  in  stamps. 

Catalogues  of  our  numerous  publications  in  misceUaneous  and  educational  litera- 
ture forwarded  on  application. 


TWO  MEDICAL  PERIODICALS,  FREE  OF  POSTAGE, 

FOR  FITE  DOIiliARS  PER  AlVIVriH. 

THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES,  auljeot  to 
postage,  when  not  paid  for  in  advance, $500 

THE  MEDICAL  NEWS  AND  LIBRART,  invariably  in  advance,      •       -      1  00 
or,  BOTH  PIRI0DICAL8  fumlshed,  FREi  or  P08TAGI,  for  Five  Dollars  remitted 
in  advance. 


THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES, 

Editsd  bt  ISAAC  HATS,  M.  D., 

i^  published  Quspteriv,  on  the  first  of  January,  April,  July,  and  October.  Each  number  containt 
at  least  two  hundreu  and  eighty  large  octavo  pages,  hand"oniely  and  appropriately  illustrated, 
wherever  necessary.  It  has  now  been  i»)>ued  regularly  for  more  than  thiett^fivb  years,  and  it  has 
been  imder  the  control  of  the  present  editor  for  more  than  a  quarter  of  a  century.  Throughout 
thiH  long  period,  it  has  maintained  it»  position  in  the  highest  rank  of  medical  periodicals  both  at  home 
and  abroad,  and  has  received  the  coruial  !>upport  of  the  entire  proliessiou  in  Inis  country.  Its  list  of 
Collaborators  will  be  found  to  contain  a  lurge  niinil)er  of  the  most  distinguished  names  of  the  pro- 
fessioD  in  every  section  of  the  United  States,  rendering  the  department  devoted  to 

ORIGINAL    COMMUNICATIONS 

fvll  of  varied  and  important  matter,  of  ^reat  interest  to  all  practitioners. 

As  the  aim  of  the  journal,  however,  is  to  combine  the  advantages  presented  by  all   the  diflereot 
▼arieties  of  periodicals,  in  its 


2  BLANCHARD  te  LEA'S  MEDICAL 


REVIEW    DEPARTMENT 

will  be  found  extended  and  imptrtial  reviews  of  all  important  new  work*,  praaeotiaf  luhiattt  of 
novelty  and  interest,  together  with  very  nnmeroot 

BIBLIOQRAFHICAL    NOTICES, 

including  nearly  all  the  medical  {rablications  of  the  day,  both  in  this  country  and  Great  Rritmin,  witJt 
a  choice  (lelection  of  the  more  important  continental  workH.    Thia  ia  followed  by  liie 

QUARTERLY  SUMMARY, 

bein;  a  very  full  and  complete  abtitract,  methodically  arranged,  of  the 

IBPBOVEIENTS  AND  DI8C0TEUE8  IR  THE  lEDICAL  SCUHCBI. 

Thia  department  of  the  Journal,  so  important  to  the  practiping  physician,  is  the  obiect  ol  eapeeial 
care  on  the  part  of  the  editor.  It  is  classified  and  arranged  under  different  heads,  tniis  &ciiitating 
the  researches  of  the  reader  in  pursuit  of  particular  subjects,  and  will  be  found  to  preaeot  a  very 
full  and  accurate  digest  of  all  observations,  discoveries,  and  inventiona  recorded  in  every  braneh  of 
medical  science.  The  very  extensive  arrangements  of  the  publishers  are  such  as  to  afford  to  tiw 
editor  complete  materials  for  this  purpose,  as  he  not  only  regularly  receives 

ALL  THE  AMERICAN  MEDICAL  AND  SCIENTIFIC  PERIODICALS, 

but  also  twenty  or  thirty  of  the  more  important  Journals  issued  in  Great  Britain  and  on  the  Conti- 
nent, thus  enabling  him  to  present  in  a  convenient  compass  a  thoroug^h  and  oomplete  abatract  of 
everything  iniereaiing  or  important  to  the  physician  occurring  in  any  part  of  the  civiliaed  world. 

Tc  their  old  subscribers,  many  of  whom  bave  been  on  their  list  for  twenty  or  thirty  years,  the 
publishers  feel  that  no  promisees  for  the  future  are  necessary;  but  those  who  may  desire  for  the 
first  time  to  subscribe,  can  re^t  asitured  that  no  exertion  will  be  spared  to  maintain  tke  Jotunal  in 
the  high  position  which  it  has  occupied  for  so  long  a  period. 

By  reference  to  the  terms  it  will  be  seen  that,  in  addition  to  this  large  amount  of  valuable  and 
practical  intbrmation  on  every  brunch  of  medical  science,  the  subscriber,  by  paying  ia  advance, 
becomes  entitled,  without  further  charge,  to 

THE  MEDICAL  NEWS  AND  LIBRARY, 

a  monthly  periodical  of  thirty-two  large  octavo  pages.  Its  "Naws  Dbpartmbnt*'  presents  the 
current  information  of  the  day,  while  the  "  Library  Drpartxrnt"  is  devoted  to  preaeoiing  stand- 
ard works  on  various  branches  of  medicine.  Within  a  few  years,  subscribers  have  thua  received, 
without  expense,  the  following  works  which  have  passed  throQgh  its  colunuia  :— 

WATSON'S  LECTURES  ON  THE  PRACTICE  OF  PHySIC. 

BRODIE'S  CLINICAL  LECTURES  ON  SURGERY. 

TODD  AND  BOWMAN'S  PHYSIOLOGICAL  ANATOMY  AND  PHYSIOLOGY  OF  MAM. 

WEST'S  LECTURES  ON  THE  DISEASES  OF  INFANCY  AND  CHILDHOOD. 

MALGAIGNE'S  OPERATIVE  SURGERY,  with  wood-cuts. 

SIMON'S  LECTURES  ON  GENERAL  PATHOLOGY. 

BENNETT  ON  PULMONARY  TUBERCULOsjIS,  with  wood-cuts, 

WEST  ON  ULCERATION  OF  THE  OS  UTERI, 

BROWN  ON  THE  SURGICAL  DISEASES  OF  FEMALES,  with  wood-cuta,  and 

WEST  ON  DISEASES  OF  WOMEN,  Part  1. 

While  in  the  number  for  January,  1858,  is  commenced  a  new  and  highly  important  work, 

HABER8H0N  ON  DISEASES  OF  THE  ALIMENTARY  CANAL. 

It  will  be  t»een  that  this  treati!«e  covers  the  -whole  ground  of  affections  of  the  Digestive  0^gan^ 
which  fu^ni^h  so  very  large  a  portion  of  the  daily  practice  of  the  physician  The  author's  position 
in  Guy's  Iloiipilal,  and  the  fact  that  the  work  has  only  just  appearca  in  London,  are  sudicient  guar- 
antee that  It  IS  up  to  the  hour,  and  presents  the  most  advanced  condition  of  this  department  of  medi- 
cal  science,  while  its  thorough  practical  character  is  manifested  by  the  great  number  of  cai^s  on 
which  it  is  founded,  no  less  than  one  hundred  and  sixty-three  being  carefully  analyzed  in  all  their 
detaiU,  throughout  its  pages.  It  is  therefore  hoped  that  it  will  be  found  to  lully  maintain  the  valn> 
able  practical  character  of  the  works  heretofore  presented  to  subscribers  through  thia  medium. 

It  will  thus  be  seen  that  for  the  small  sum  of  FIVE  DOLLARS,  paid  in  advance,  the  aubacriber 
will  obtain  a  Quarterly  and  a  Monthly  periodical, 

EMBRACING  NEARLY  SIXTEEN  HUNDRED  LARGE  OCTAVO  PAGES. 

mailed  to  any  pert  of  the  United  States,  free  of  postage. 

These  very  favorable  terms  are  now  presented  by  the  publishers  with  the  view  of  removing  all 
diftculties  and  objectioos  to  a  full  and  extended  circulation  of  the  Medical  Journal  to  the  offioe  of 
every  member  of  the  profession  throughout  the  United  Slates.  The  rapid  extension  of  mail  &eili- 
tiea  will  now  place  tne  numbers  before  sub?cribers  with  a  certainty  and  dispatch  not  beietofore 
attainable ;  while  by  the  system  now  proposed,  every  subscriber  throughout  the  Union  ia  plaoed 
upon  an  equal  footing,  at  the  very  reasonable  price  of  Five  Dollara  for  two  periodicals,  without 
further  expense. 

Those  subscribers  who  do  not  pay  in  advance  will  bear  in  mind  that  their  aubscription  of  Five 
Dollars  will  entitle  them  to  the  Journal  only,  without  the  News,  and  that  they  will  be  at  the  expense 
of  their  own  postage  on  the  receipt  of  each  number.  The  advantage  of  a  remittance  when  order- 
ing the  Journal  will  thua  be  apparent. 

As  the  Me<iical  News  and  Library  is  in  no  case  sent  without  advance  payment,  ita  aubacribers 
will  always  receive  it  free  of  postage. 

Remittances  of  subscripliooa  can  be  mailed  at  our  risk,  when  a  eertifioale  is  talceQ  froai  tbePoel- 
maater  that  the  money  ia  duly  inclosed  and  forwarded. 

Addreaa  BLANCHARD  ft  LEA,  PaxLADBLrau. 


AND  8GIENTIFIC  PUBLICATIONS 

T 


ALLEN   (J.    M.),   M.  D., 
Profenor  of  Anatomy  In  the  PenniylTUiia  Medieal  Collcf  e,  Ae. 

THE  PRACTICAL  ANATOMIST;  or,  The  Stadeot's  Guide  iu  the  DisseotiDg- 
ROOM.  With  266  iliustnitioiu.  In  one  handsome  royal  12mo.  yolume,  of  over  600  pagea^  lea- 
ther.   $tt25. 

In  the  arrangement  of  this  work,  the  author  has  endeavored  to  present  a  complete  and  thorough 
course  of  dissections  in  a  clearer  and  more  available  form  for  practical  use,  than  has  as  yet  been 
accomplished.  The  chapters  follow  each  other  in  the  order  in  which  dissections  are  usually  con- 
ducted in  this  country,  and  as  each  region  is  taken  up,  every  detail  regarding  it  is  fully  described 
and  illustrated,  so  that  the  student  is  not  interrupted  in  his  labors,  by  the  necessity  of  reierring  from 
one  portion  of  the  volume  to  another. 


However  valnsble  may  be  the  **  Disaector'a 
Ottidea'*  which  we,  of  late,  have  had  oceasion  to 
notice,  we  feel  eunfident  that  the  work  of  Dr.  Allen 
ia  euperior  to  anjr  of  them.  We  believe  with  the 
author,  that  noue  ia  ao  fnlly  illuatrated  aa  this,  and 
the  arrangement  of  the  work  ie  snch  ae  to  facilitate 
the  labors  of  the  student  in  acquiring  a  thorough 
practical  knowledge  of  Anatomy.  We  moat  cordi- 
ally recommend  it  to  their  attention.— Wie^tMrn  Lan- 
e«t,  Dec.  1856. 

We  believe  it  to  be  one  of  the  ranet  neefnl  wiirka 
upon  the  lubject  ever  written  It  ia  handxiintrly 
illustrated,  well  printed,  and  will  be  found  of  con- 
venient sise  for  use  in  the  diaaectiag-room.— M«<f . 
ExamitUTt  Dec.  1856. 


From  Prof.  J.  8.  Davu,  UniinrHtp  t/  Va. 

I  am  not  acquainted  with  any  work  that  attains  ao 
fully  the  object  which  it  proposes. 

From  C.  P.  Famtur^  M.  D.,  D«m«iifff«lar,  Umi- 
v€r$Uy  of  MUkigam, 

I  have  examined  the  work  briefly,  but  even  this 
exiiminati«>n  has  convinced  me  that  it  is  an  excellent 
guide  for  the  Dissector.  Its  illnstratiims  are  beau- 
tiful, and  more  than  1  have  aeen  in  a  work  of  this 
kind.  I  shall  take  great  pleasure  in  reeommendiag 
it  to  my  classes  as  tk4  Uxt-book  tf  tlu  disuuimg- 
room. 


ANALYTICAL    COMPENDIUM 
OF  MEDICAL  SCIENCE,  containing  Anatomy,  Physiology,  Surgery,  Midwifery, 

Chemistry,  Materia  Medica,  Therapeutics,  and  Practice  of  Medicine.  By  John  Nbilx^  M.  D., 
and  F.  G.  Smith,  M.  D.  New  and  enlarged  edition,  one  thick  volume  royal  12mo.  of  over 
1000  pages  with  374  Uluatratioua.    $3  00.    yT  See  Nbill,  p.  24. 

ABEL  (F.   A.),   F.  C.  8.   AND   C.    L.    BLOXAM. 
HANDBOOK  OF  CHEMISTRY,  Theoretical,  Pnodcal,  and  Teohnioal;  with  a 

Recommendatory  Preface  by  Dr.  Hofmarn.  In  one  large  octavo  volume,  extra  cloth,  of  60S 
pagea,  with  illustrations.    93  25. 

A8HWELL   (SAMUEL),   M.  D., 
Obatetrie  Physiciaa  and  Lectnrer  to  Guy's  Hospital,  London. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  PECULIAR  TO  WOMEN. 

Illustrated  by  Cacies  derived  from  Hospital  and  Private  Practice.  Third  American,  from  the  Third 
and  revised  London  edition.    In  one  octavo  volume,  extra  cloth,  of  528  pages.    $3  00. 

The  most  naefnl  practical  work  on  the  subject  in       The  moat  able,  and  certainly  the  most  standard 
the  Knclish  language.  —  £#«loii  Mtd,  amd  Surg,    and  practical,  workon  female  diseaaes  that  we  have 
u. 


Journal 


yet  sean.— AfMfica-CAtnirfiMi  /Zsvisia. 


ARNOTT  (NEILL),  M.  D. 
ELEMENTS    OF    PHYSICS;    or  Natural  Philosophy,  O^neral  and  Modkal. 

Written  for  universal  use,  in  plain  or  non-technical  language.  A  new  edition,  by  laAAC  Hats, 
M.  D.  Complete  in  one  ocuvo  volume,  leather,  o(  484  pagea,  with  about  two  hundred  illnatm- 
lions.    Wl  50.  _ 

BUDD  (QEORQE),  M.  D.,  F.  R.  8., 

Profesaor  of  Medieiae  in  King's  Coilefe,  London. 

ON  DISEASES  OF  THE  LIVER.      Third  American,  from  the  third  and 

enlarged  London  edition.    In  one  very  handsome  octavo  volume,  extra  doth,  with  four  beauti- 
fully colored  plates,  and  numerous  wood-cuts.    pp.  500.    $3  00.    (Just  I»suid,) 
Has  fairly  established  for  itself  a  place  anoog[  tbe  •  is  not  perceptibly  changed,  tJM  history  of  liver  dis- 
elassical  medical  literature  of  Enalnnd. — BritUk    eases  is  maois  more  complete,  and  is  kept  upon  a  level 
and  Foreign  Medieo-Ckir.  Rtvitw^  Jaly,  1BS7.  with  the  progress  of  modem  science.    It  is  the  beat 

Dr.  Bndd'a  Treatiaa  oa  Diseaaea  of  the  Liver  is  ^^'^  *^  J?*!^"  ^^  »*»«  Liver  in  any  laaaaufc 
BOW  a  sundard  work  in  Medical  literature,  and  dor-  ^•»«»«  Mtd.  Tinus  and  Oaxttu,  June  27, 1857; 
iag  the  wtervals  which  have  elapaed  between  the  '  This  work,  now  the  standard  book  of  reference  on 
auccessive  editions,  the  author  haa  incorporated  iiito  the  di«eaaes  uf  which  it  trrats,  has  been  carefully 
the  text  the  roost  striking  novelties  which  have  cha-  revised,  and  roaoy  new  illustrations  of  the  views  of 
raeterizcd  the  recent  prfwreaa  of  hepatic  physiology  the  learned  author  added  in  the  nreaeat  edition.— 
nnd  pathology ;  so  thataiihongn  the  aise  of  the  book    Dublin  Quarterly  Journal,  Aug.  Ib57. 

BT  THE  BAXB  ATTTHOR. 

ON  THE  ORGANIC  DISEASES  AND  FUNCTIONAL  DISORDERS  OF 

TH£  STOBIACH.    In  ooa  neat  ocuvo  volume,  extra  cloth.    $1  50. 

From  the  high  poaition  oceapied  by  Dr.  Bndd  aa !  st>'le,  the  subjects  are  wall  ananged,  and  the  nneti. 
a  teacher,  a  writer,  and  a  practitioner,  it  is  almoat  |  cal  precepts,  both  (»f  diagnosis  and  troafia~" 
Bcedlesa  to  state  that  the  present  book  mav  be  eon-  i  the  character  of  a  thooghtfnl  aad  axpaitai 
salted  with  groat  advaatage.  It  ia  writtaa  in  aa  easy  ;  siciaa^Leiidwa  K«d  .TvMi%  «a4  QaAaVM 


BLANCUARU  ft   LEA'S   MEDICAL 

BUCKNfLL  'J.  O,   M.  D., 

9gpeilnl>Bilcat  nf  tbi  Drrroa  Cngotr  Lgulie  Afiloio;  ud 
DANIEL   H.   TUKE,   M.  D., 
—    ling  Medics  1  Officer -■- "  -     " 


the  Hiai^^H 


L  MANUAL  OF   PSYCHOIJiOICAL   MEDICINE;   containing  the  Hiab 

No-olosy,  D«cripimn.  SlXi'ti™,  DiwiioHB,  PalholoffV,  and  THBlmenl  of  INSANITV.     WSli 
«  Plme.     In  one  hitiidsome  noUTO  Volume,  o[  (boul  550  pagea.     [JVow  Rrarfy,  July,  I83S 1 
The  increosa  or  menlBl  dLKUe  in  id  vtirious  foant,  «ad  the  dllQcult  quesliaDs  lo  which  it 
asUuill)'  K'Viflg  rixs,  render  The  lubjcd  a 
m  phyiiiciiio  ■  conMinlly  grealer  iBiniliBn 


„'«li™»  in  Ihe  Di  ^ 

«  of  I  real  men  1  which  have  done 

repulalion  nnd  axpei 


e  yean 


I  jkeDeoDh  of 
B  ?M  distingui-t    .     , 
I  Mbolb  Mudeni  and  prac 
1  {M  "  I'lei''  aim  has  liHn  lo  supply  a  tei 
f  HWh  kuowtFdge,  •ufficienMy  eKmenlary 


.  ind  I'roKDo 
I  mucb  in  altevialiog  Ihe 

oC  iba  aulhors  will  enlitle  il  al  onrm 
may  be  tr>'l>ercd  froin  Uie  deolanitl 


y.  piT-ei 


^aoily,  and  the  frewly 

iModiiioa  oi  reMurias 

•Mnred  thai 


rhich  may  serve  a:  a  guide  in  Ihe  BCqai^iiiu 
ipied  lo  Ihe  wants  of  ihe  sludenl,  and  luiRcit 
I  sulEco  for  ibe  dumaads  of  the  praelitiouer." 


BENNETT  IJ.    HUGHES),    M.  D.,    F.  R.  S.  E. 

Violeu-n  nf  Clinical  Medicine  in  Ihe  Uniretiltf  of  Eimbntgh,  t 

l^HB  PATHOLOGY  AND  TREATMENT  OP  PULMONARY  TD^EI 

LOSIS,  and  on  Ihe  Local  Medicalionof  Phurvngral  and  Lnrytigtal  DisentwB  frequently  ror. 

for  ur  aseucialed  wilh,  Phihixio.     One  Viil.  ^vu.,exlrB  daib,  wub  vdchI-cuIs.    pp.  130.     fl  3S. 

BENNETT   (HENFIY),  M.  D. 
A  PRACTICAL  TREATISE   ON   INFLAMMATION  OF  THE  UTERUS, 

ITS  CEHVIX  AND   APPE.VD.IUES,  and  on  ila  oonneclion  wilh  Ulerine  Ui^mmm.     Fourth 
Aiiiericu>,rroni  Ihe  (bird  nnJ  reviced  London  ed  ill  en.     To  which  inaddeil  [Juif,\BM),*BtyiTii 
OF  THi  PaiaiKT  Stati  of  Uterine  Patholocy.     In  one  neal  oclsvo  volume,  eiira  cloik.  si 
500  pagea,  wilh  woodnauiH.    S2  00      Also,  Ihe  '■  Review,"  for  gale  teporale.     Ptitx  SO  aeau. 
TblaeditioBhaabceaeuefnlly  reviled  Bad  altaieil,       Whea.  afew  yeaia  back,  Uib  trat  edltlua  of  lb) 
tad  varionaaddilioas  have  been  nude,  wblob  rendei    preMgl  walk  wa*  publiiWi  thaaabjeetwwauat- 
II  mnre  eomplete,  and,  If  imHlble^  more  worllir  of   moit  eatirely  oalmown  lu  UeobaleCilealeeMnliiaa 
the  high  apprwiation  In  whieh  il  ]•  held  by  Ibe    ofthedey;  and  evro  now  we  bare  reaacalOkBSW 
Bedinal  pro/naliin  [hroaahoul  Ibe  world.    A  ropy    thai  the  bulk  of  Ihe  profatalna  are  not  fally  alive 

tbonhl  be  in  the  poaaaaaioa  of  eveiy  pbytieiaa.—   theimportanceand  freqnencyof  Ihediar '~" 

CkuUUtn  Mid.  ftuniat  a<uf  R»uie.  ,  iitakeacogniaaneo.    The  preinledilic 

We  are  Brmly  of  opinion  thai  lO  proportinn  aaa   "'"'K^i -""■'  —'  ■"- " 

hmwledce  of  ulerine  diiaiaa.  beeomea  more  app.e-    ™  o™™' 
slated,  thia  wnrk  will  be  proporllonably  ealabliahed   '"■"- 
ai  a  leil-bouk  in  the  piofeiilon. — r*<  Lanal. 

BIRD  (GOLDINQ),  A.  M.,  M.  D.,  gtc. 
URINARY     DEPOSITS:     THEIR     DIAGNOSIS,    PATHOLOGY,    AND 

THERAPEUTICAL  INDICATIONS.    A  new  anrl  enlaned  Amerirao,  from  a  lue  improvei* 


le  •ame  work.— Or.  Kanki 


BoTwhiA 


.   Wilh. 

It  eu  •earealy  be  Boaeaaary  for  aa to  aiy  anything 
of  the  merlu  of  thia  well-hnowa  Treaiiae,  which  ao 
adialrablv  briage  Into  pradlcal  apptleitlon  the  re- 

regarding  the  phyainlo«-y  aad  palboliiy  of  the  ati- 


)!,exiracloih.  pp.372,  fl  30. 
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lenlio  reaourcea.    la  Ike  pieparaliua  of  thia 
dltion  of  hia  work,  it  la  oliviinia  that  Dr.  finl 


iuB  of  thia  hv 


BOWMAN  (JOHN   E.),  M.  O. 
PRACTICAL   HANDBOOK   OF   MEDICAL   CHEMISTRY.     Second 

bird  ond  revised  Gngli-b  Ediiion.     In  duo  neal  volame,  royal  ISmo.,  enis 


ion*,     pp.  2i8.     »1  V 


'■ 


L 


INTRODUCTION    TO    PRACTICAL    CHEMISTRY,    INCLUDING 

LVaiS      Second  American,  from  Iho  second  and  reviwd  London  edition.     Wilh  numerou  ilte- 
traliona.    In  one  neal  vol.,  royal  lUmo.,  exira  clolta.    pp.  300.    SI  25. 


AND  TREATMENT  C 
Tia  AND  RHEUMATIC   I 
one8vo.»olurae,e»tracloth.    pp.160,    •!  U. 

E  (MANOALS  ONJ     BV 


lia  sloth,     pp.  SM. 
OP  ANIMAL  AND 


)  ALPRED  HARRWICK. 

plaiti.    pp.4(KI.    SI  SJ. 
SRUDIii'S   CLINICAL  LECTURES  ON  j 
OERV.    iTol.SvD.  elolh.    3S0p|      


AMD  80IBNTIFI0  FUBLI0ATI01I8. 


BARCLAY  (A.  W.)    M.  D., 
AMiataAt  PhyHciMi  to  8t.  Oeofff«>i  Hoapital,  Ae. 

A  MANUAL  OF  MEDICAL  DIAGNOSIS;  beiog  an  Analysis  of  the  Signs 

and  Symptoms  of  Diteue.    Ui  one  nemt  octavo  yoluiiie,eztim  doth,  of  424  pages.  $3  00.    {Anmf 
worA,  now  ready.) 

Of  worka  exelamveif  devoted  to  thii  importaat ,  deieieaey,  ii  the  ohjeet  of  Dr.  BareUy*!  Maasal. 
branch,  our  profcasion  haa  at  eoiamund,  enmpara-  [  The  taak  of  enmpoauig  anch  a  wtirk  it  neither  aa 
tively,  but  few,  aad,  therefore,  io  the  publicatioa  of  I  eaay  aor  a  light  one;  bat  Dr.  Barclay  haa  performed 
Che  preamt  work,  Meaara.  Blanehard  *  Lea  have  I  it  ia  a  inaaaer  whieh  aieeta  oar  moat  aaqaalifiad 
coaferred  n  great  favor  upon  ua.  Dr.  Barelay,  from  I  approbalioa.  lie  ia  no  mere  tkaoriat;  he  itaowa  hi* 
having  occupied,  for  a  lone  period,  the  poaition  of  \  work  thoroughly,  aad  ia  attempting  to  perform  it, 
Medicai  Regiatrnr  at  8t.  George^a  Hoapital,  poa-  ,  haa  nut  exceeded  hia  powera. — Britiik  M*d.  Jeumai ^ 
•eaaed  advantages  for  correct  obacrvation  and  reli-  i  Dec.  5,  ltj57. 


able  c<iac(u8MHii,  aa to  the  aigaibcanceof  aymptoma,  I      we  venture  to  predict  that  the  work  will  be  de- 
which  have  fallea  to  the  lot  of  bat  few,  either  la    .erredly  popular,  and  aooa  become,  like  Watson** 
bia  owa  or  any  other  eoyatry.    He  haa  carefully    praotioi,  an  indiipeasable  aeeessity  to  the  practi- 
•vatemutiscd  the  rcsulta  of  hia  obMrvation  of  over    tioaer .— W.  A.  Mtd  Jommml,  AprU,  1868. 
twelve  thousand  patienta,  and  by  hia  diligence  aad  i      .     ,      ^.      . ,  i.     «    \.         Vr      ^i. 

judicioua  claaaificati.m,  the  prWeaai««  has  been  An  ineatimable  work  of  reference  for  the  yoaag 
preaenled  with  the  moat  convenient  aad  relmble  '  K**^^J»J««' »«*  ■^«<*««--^****^'«  *"•  •'••*»«» 
vrork  oa  the  aubjcct  ot  Diagaoats  that  it  haa  beea  ;  ^*S^*  ^°^' 

<iur  g<Nid  fortuae  ever  to  examine;  we  caa,  there-  I  We  hope  the  volame  will  have  aa  exteoaive  eir- 
t'orc.  any  of  Dr.  Barclay^a  work,  that,  from  hia  aya«  cnlation,  not  among  students  of  medicine  oaly,  bat 
tematic  mnnner  of  arrangement,  his  work  ia  one  of  practitionera  alao.  They  will  never  regret  a  faith - 
the  best  worka  '*  for  reference**  ia  the  daily  emer-  <  fat  study  of  its  pages .—C<«e<MiMiltLaMe«l,  Mar.  *66. 
f^crcies  of  the  practiiioaer,  with  which  we  ate  ae-  |  rkis  Mmmuml  0/ Medicml  DiagncsU  ia  oae  of  the 
suaiated ;  but,  at  the  Mnie  time,  we  would  recoia-  ■  .^^  «ienUfic,  useful,  aad  iastniclive  works  of  its 
mend  our  readers,  eap«eialy  the  yoanger  ones,  to  ^ind  that  we  have  ever  read,  aad  Dr.  Barclay  has 
read  thoroughly  and  study  dilignatly  the  wAei<work,    j^^    ^^  ^.^j^  ^^  medical  scieace  ia  eollectiag, 

l^itll'AuPauTsur/'J^^^^^^  U^rJh^i^"'  '  *^">4inf,  "d  aaalyxiag  the  sigas  and  symptoS^ 
S»utktm  AUd.  and  Surg.  Joara.,  March,  1866.  ,  ^^  ^  ^„y  diseases.  —  J?.  J.  Mtd.  mnd  Surg.  Rt- 

To  give  this  inf  irmatioa,  to  supply  this  admitted    porter,  March,  1&68. 


BARLOW  (QEORQE  H.),  M.  D. 
Physician  to  Oay*s  Hospital,  Loadoa,  ke. 

A  MANUAL  OP  THE  PRACTICE  OF  MEDICINE     With  Additions  bv  D. 

F.  Co.vDiK,  M.  D.,  author  of '<  A  Practical  Treatise  on  Diseases  of  Children,''  &c.    In  one  hand- 
some ociavo  volume,  leather,  of  over  (KX)  pages.    $2  75. 

We  recommead  Dr.  Barlow's  Maaaal  in  the  warm- 
est  manner  us  a  moat  valuable  vade-mecum.  We 
have  had  frci^uent  occaaioa  io  eoaauit  it,  aad  have 
found  It  clear,  conciae,  practical,  aad  aoand.  It  ia 
cHiincntiy  a  practical  work,  containing  all  that  ia 


eaaealial,  and  avoidiaa  uaeleaa  tbeorelieal  diaeus 
si(Ki.  The  Witrk  supplies  what  has  been  for  some 
lime  wanting  ^  a  manual  (»f  practice  baaed  upon  mo- 
dern discoveriea  in  pathology  and  ratioaal  views  of 


will  be  fonad  hardly  less  aaefal  to  the  experieaeea 
phyaician.  The  Amerioaa  editor  haa  added  to  the 
work  three  chapters— 4m  Cholera  lafantum.  Yellow 
Fever,  and  Cerebro-apinaJ  Meaia^^itis.  These  addi- 
tions, the  two  £rat  of  whieh  are  ladiapeasable  to  a 
work  oa  practice  destiaed  for  tfas  profcMioa  in  this 
country,  are  executed  with  great  Judgment  aad  fi- 
delitjr,  b^*  Dr.  Condie,  who  has  also  succeeded  hap- 
pily ia  imitating  the  conciseness  and  clearness  of 


Creatraent  of  ditease.  It  is  especially  intended  for  ;  style  which  are  such  agreeable  characteristics  of 
Uie  use  of  students  aad  jaaior  practiliooers,  but  it  t  the  original  book.— £s<lsa  Jf<d.  m$ut  Surg.  JoumtU. 

BARTLETT  (ELISHA),  M.  D. 

THE   HISTORY,  DIAGNOSIS,  AND  TREATMENT  OF  THE  FEVERS 

OF  THE  UNITED  STATES.  A  new  and  revised  edition.  By  Alonzo  Claek,  M.  D.,  Prof, 
of  Pathology  and  Practical  Medicine  in  the  N.  Y.  College  of  Physicians  and  Surgeons,  dec.  in 
one  octavo  volume,  of  six  hundred  pages,  extra  cloth.    Price  t3  00. 

it  is  the  beat  work  oa  fevers  vrhieh  has  emaaated  |  logy.  His  anaotations  add  mack  to  the  iatereat  of 
from  Che  Americaa  press  and  the  present  editor  has  >  the  work,  aad  have  broaght  it  well  up  to  the  condi- 
carefully  availed  himself  of  all  information  exist-  i  tion  of  the  science  as  it  exists  at  the  present  day 
ing  up<m  the  subject  in  the  Old  aad  New  World,  so  !  ia  regard  to  this  eiasa  of  diseases w—SsaUsrw  Mtd. 
that  the  doctrines  advanced  arebronght  dowa  to  the  I  mud  Surg.  J§umuif  Mar.  1867. 

Uteat  dale  in  the  pr^*9'^of  ^}»  ***^2***^  °^  i  1^  w  «  work  of  great  praetieal  value  aad  iaterest. 
Medical  Scieoee.-Loml«m  M<d.  Ttm»»umdOmm4tu,  •  coouiaing  much  tliat  ia  aew  relative  to  the  several 
.May  S,  ltio7.  |  diseases  <^  which  it  treaU,  aad;  with  the  additioaa 

Thia  excellent  monocraph  on  febrile  disease,  has  j  of  the  editor,  is  fully  ap  to  the  times.  The  distinct* 
ctixKi  deservedly  high  since  its  irst  publication.  It  ■  ivefeatnresof  the  differeat  forms  of  fever  are  plainly 
will  l»e  s«en  that  it  has  now  reached  its  fourth  edi-  and  forcibly  portrayed,  aad  the  liaes  of  demarcation 
uoo  under  the  auperviaion  of  Prof.  A.  Clark,  a  gea-  j  carefully  and  accurately  drawa,  and  to  the  Ameri- 
(ieman  who,  from  the  imture  of  hiaatndiea  and  pur-  |  can  practitioner  ia  a  more  valuable  and  safe  guide 
Muiti,  ia  well  calculated  to  appreciate  and  discuss  than  any  work  on  fever  axtaat  -^4ts  Mtd.  m$ui 
Uic  many  intricate  and  difficult  questions  la  patho-  |  Surg  Jouruml^  May,  1867. 


BROWN   (ISAAC   BAKER), 
9argeoa-Aeeoacheur  toSt.  Mary's  Hospital,  Ae. 

ON  SOME  DISEASES  OF  WOxMEN  ADMITTING  OF  SURGICAL  TREAT- 

MENT.    With  handsome  illuatrations.    One  vol.  8vo.,  extra  cloth,  pp  27A.    $1  SO. 

Mr.  Brown  has  earaed  for  himself  a  high  repata-  '  aad  nwnt  the  earafal  atteatkMi  of  avar]r 
tion  ia  the  operative  treatmeat  of  sundry  diseases ,  aecoucbaar. — AutimtUm  J»ummi, 
aad  injuries  to  which  females  are  peealiarl^T  sabject. 
We  can  truly  say  of  his  work  that  it  is  aa  ifliportaat 
addition  to  obstetrical  literatnra.    The  operative 


suggestions  snd  contrivaaces  whieh  Mr.  Brown  de- 
scribea,  exhibit  mach  praetieal  Mfaeity  and  akUl, 


Wa  have  ao  bcaltation  la  rteoaimaaiiaf  thia  book 
to  the  carefhl  attaatioa  of  all  sa^g*'*—  «-a^  ■"•ke 
fesnala  eomplaiata  a  partof  thtir  ati  -^^^ 

^Dukim  iimmrufin  Jmkfumk. 


BLANCHARD  ft  LEA'3   MEDICAL 


IjRINCIPLES  OF  HUMAN  PHYSIOLOGY;  with  their  chief  applications  to 

■       P»yi;holoKy.  Pa'hology,  Thempeuilcs,  Hygiene,  sni]  Forensic  Medicine.  A  new  Aioericui,  from 
I       Ihe  lut  and  raviKed  London  ediDoa.     With  nearly  three  hundred  illualralioaH.    Edited,  wiih  addi- 


B4  ■£>. 


.  lirge  pngeii]  buuliHimely  prinled  ■nd  strongly  buund  in  lealbei,  witli  rBised 

',  In  Ihe  prepanlifm  or  thin  new  edition,  Ihe  RQlhor  ba*  ipHred  no  laborto  1     ...     .      

—JL  complele  and  lucid  expoiiliwi  or  Ihe  mou  advunrad  condilioa  or  ill  imporlanl  mt^ot.  The 
FiamouDl  oftbe  additions  required  toeffisct  tbisobiecl  tburoughly,  joined  to  ibeforiDei  1t^  hk  ot 
mlume,  pretenimg  objecitonB  arising  (iota  ilie  unwieldy  bulk  of  tbe  work,  be  hu  Ooultod  aU 

■■  porlioas  not  bearing  directly  upon  Humam  PBTaioiAsy,  deiigning  to  incorponlB  than  it 

KIQa  roniicoraing  Treatite  un  Gxukial  PHtaiouxir.  A*  a  Tull  and  accurate  ten-buuk  n«  Ibe  Pby- 
B  biology  oT  Han,  Ihe  work  in  ila  present  coadiliun  ibererore  prewnia  even  greater  cUimi  opoa 
H'jAe  sludeni  and  physician  Ihan  tho»e  whicb  have  berelorure  wm  for  il  ibe  very  wide  and  di^iin- 
■[,|nii>bed  bvor  wfawh  il  has  so  long  enjoved.  The  additions  of  Prof.  Siiiitb  will  be  fuuiul  to  ivf^j 
B  Whatever  may  have  been  warning  1u  Ibe  Amencao  ■ludeni,  while  Ihe  Inlruducuon  of  maay  new 
Liion*,  and  ibe  moil  careful  mechanical  exevuUon,  render  the  volume  one  of  the  mo%i  M- 

._.  gpwanJior  Ihlneea  reari  Or.  Carpealer'i       ToenhviMIIiiiKiHlWDill  woaldbtBapardiioBi 
l/,buUiinlhi«eouBlry»iiSEnjliimi,aith«nH..l    the-"''--' ■.....'.-!__".    !"...- 1*     J  "^ 


B  CDnpendiuin  oa  ihe  snbieel  oT  phfiioligr  ,  fuimtr,  nwl  IIie  i 
iBgaags.  ThiidiiiineilonllnweitoihE  high  tereii, iiip«iiill] 
eaU  and  anwearird  Indoalry  of  iti  neeiun-    may  eunBdeaily 


ieaDOaa.wu  prepared  by  tb 

C~  "r'almaat  be  eanaWered  auiwwni 
dly  iay,  IneoselnaLag  lb  ii  brief  anil 


■  TiiiiiiaaiaiKiara  worK— laeiexi-hnoKaHi]  ttyaji 
M   fwdieaJ  sladeata  who  read  the  Engliah  laBguBge. 

■  ■JlbBB  paawil  UuuB(b  acvaral  adiliutgi  In  Miler  to 

■  -«ecp  paoa  with  the  laaidly  arDwing  Hieaoe  of  Phj- 
Voriolngy.    NothiBgaeedbeHidlari*  pnlie,  fnr  iti 


k  ™  Uuinu    Phyiiu 


jHnuI,  Decrnber,  Igot. 


The  HDIt 

goage— 


A  eiiinpleto  ^lopiEilia  of 


xt^Ltmd<m  Ittd.  ftm 


ipleto  cyclojMEt 
Stt-l.  Ttwai. 


HunuB  Pbyoolngy. 


BewedlliDDflfCaipealar'i 


Tliem'uleflinpletf 


ja  of  pbynology  which    aav  work  iBaaydeparuneat  of  m«lieaJ  BciMee. 
.i_-'  'd_-.  V_j  ..._        Il  II  qoiu  gBnHinBiT  for  ai  to  nnk  of  Ikif 
work  ai  ite  menu  would  jaatifv.    The  nini  aa- 

pleaiare  lo  every  itBdenl  of  Phyiiolngy,  whiTe  ita 
peraaal  will  be  of  laEnile  •ervlee  la  advueigg 
phynlulugiealacieoce — Okit  lUd.atulSiitt.Jtunt. 

BT  THK  BIHB  atJTBOK.     {LoMf  Iinttd.) 

PRINCIPLES  OF  COMPAIlATrVE   PHYSIOLOGY.    New  Ameriom,  from 

Ibe  Fourth  and  Reviivd  London  ediuoa.     In  one  large  snd  haiid>oine  oriavo  volume,  with  nnr 
.....  ...J-... :f..i  ;,,..  !_.._      pp.  752_     Eiiracloih,  W80;  Jeaiber,  raised  bands,  $523. 

He  appeannce  oT  thii  work  bas  been  cawed  liy  Ihe  very  ib«nnif  k 


k^fnewilhlel 

work,  and  Hiily  up  to  i 
Ibralt  ilndenlnengwei 
(rapbical  finith  aniT  in 
mechanical  arts  of  tbit 

Tbll  lK»k  HtHHlId  not  c 

■  ndind  by  every  nrnbt 


rgnne  at  tbe  bands  of  the  ambor,  and  Ibe  large  bl. 

wbiuh  have  been  prepared  lor  il.     It  Will,  therelure,  be  found  almosi  b 

day  in  every  deparlnient  or  Ibe  Bubjecl,  rendering  it  a  reliable  tcxi-t 

I  tbll'  branch,  of  scieiicw.     Every  efTorl  bar  been  made  1o  reader  its  t- 

worthy  of  its  eialled  repulBLion,  and  creditable  to 


^^H  ftw 


Ihe  profeiaina.    t^nne 

., — , nested  Iheraby.    Bui 

upeeiaili  to  ttae  yonnger  etii*  woald  we  enrdUlly 
camneBJitaabHl  Gtlcdnf  BDV  workiB  the  Engl iih 
iBngnage  la  qiiBlify  then  ri>r  the  rcceptiiw  slid  eoin. 
ptg!iain<'B  of  tboae  trutha  wbieh  are  dailvbeisg  da- 

.£  villa  QuarurJj 
[■elf  ■  perfect  phy- 


veluped  iiphysiDlagy. — JUidicali 


ntbera,  eapabla  of  takina  ■  geMral, 

'       ■  -  -w  of  (bOH  labora.  aai 

rogtaeoBB  laaieriala  «l 


Vaf^»Blthii^ 


ni™i-' 


nuiMrial  taaa  been  broaght,  ntm 


ity  nf  Ihe  reunain*  it  a 

nflnBguigeiawhiShthi 

prufenlini  oalv,  bnt  Ihi  _  _ 

mail  (Fel  deeply  milebted  to  Dr.  Carpenter 

! real  work.    1(  muiI,  ladeHl,  add  larrelV' 
ii  high  rtpntatioo.-  **--'-—' ■•" 


elolbed.    Noltbt 


I 


AND  80IBMTIFI0   PVBLICATIONB. 


CARPENTER  (WILLIAM  B.),  M.  D.,  F.  R.  8., 
Kwtanr  in  Pkftiolofy  aad  Oomp^ntiTe  Aatlofliy  ia  tk«  Ualfwtitf  of  Loadoa. 

THB  MICROSCOPE  AND  ITS  REVELATIONS.     With  an  Appendix  oon- 

Uiniog  the  Applioations  of  the  MioroMx>pe  to  Clinical  Medicine,  dec.  By  F.  G.  Smith,  M.  D. 
Illiuirated  by  lour  hundred  and  thirty-tour  beaulitul  eograviag*  oa  wood.  In  one  large  and  very 
handMNne  ocuvo  roiume,  of  734  page»,  extra  cloth,  $4  00 ;  leather,  94  SO. 

Dr.  Carpenter**  position  as  a  microfcopist  and  phyfiologist,  and  hi»  mat  experience  as  a  teacher 
eminently  qualify  him  to  produce  what  has  long  oeen  wanted — a  good  text-book  on  the  practical 
UM  of  the  microscope.  In  the  pre»ent  volume  his  object  has  been,  as  stated  in  his  Preface,  "  to 
combine,  within  a  moderate  cxmipass,  that  intbrmation  with  regard  to  the  use  of  his  *  tools,'  which 
is  most  essential  to  the  working  microbcopiKt,  with  such  an  account  of  the  objects  best  fitted  for 
his  study,  as  might  qualify  him  to  comprehend  what  he  observes,  and  misht  thus  prepare  him  to 
benefit  science,  whilst  expanding  and  refreshing  his  own  mind  "  That  he  has  succeeded  in  accom- 
plishing thi»,  no  one  acquainted  with  his  previous  labors  can  doubt. 

The  great  importance  of  the  microscc^  as  a  means  of  diagnosis,  and  the  number  of  miorosco- 
piMs  who  are  also  phyf  icians,  have  induced  the  American  pulNisberf ,  with  the  author's  approval,  to 
add  an  Appendix,  carefully  prepared  by  Professor  Smith,  on  the  applications  of  the  instrument  to 
clinical  medicine,  together  with  an  accoimt  of  American  Microscopes,  their  modifications  and 
accessories.  This  portion  of  the  work  is  illustrated  with  nearly  one  hundred  wood-cuts,  and,  it  is 
hoped,  will  adapt  the  volume  more  particularly  to  the  use  of  the  American  student. 

Every  care  has  been  taken  in  the  mechanical  execution  of  the  work,  which  is  confidently  pre- 
Minted  as  in  no  respect  inferior  to  the  choicest  productions  of  the  London  press*. 

The  mode  in  which  the  author  has  executed  his  intentions  may  be  gathered  from  the  following 
<Hxidensed  sjrnopsis  of  the 

CONTENTS. 

[irraoDVCTioii — History  of  the  Microscope.  Chaf.  I.  Optical  Principles  of  the  MicroKope. 
Cbap.  II.  Construotioa  of  the  Microscope.  Chap.  III.  Accessory  Apparatus.  Chap.  IV. 
Management  of  the  Microscope  Chap.  V.  Preparation,  Mounting,  and  Uoliection  of  Objects. 
Chap.  VI.  Microscopic  Forms  <A  Vegetable  Ltfth— Protophytes.  Chap.  Vil.  Higher  Cryptogam 
mia.  Chap.  VIII.  Phanerogamic  Plants.  Chap.  IX.  Microsoopie  Forow  of  Animal  Liie— Pro* 
toxoa— Animalcules.  Chap.  X.  ForaminiAsra,  Polycyatina,  and  spoogea.  Chap.  XI.  Zoophvtes. 
Chap.  XII.  £chinodemtata.  Chap.  XIII.  Polysoa  and  Compound  Tunicata.  Chap.  XIV. 
Mollui«cous  Animals  Generally.  Chap.  XV.  Annulosa.  Chap.  XVI.  Crustacea.  Chap.  XVII. 
loMci^s  and  Arachnida.  Chap.  XVIII.  Vertebrated  Animals.  Chap.  XIX.  Applications  of  the 
Microscope  to  Geology.  Chap.  XX.  Inorganic  or  Mineral  Kingdom— Polarisation.  Appsmoix. 
MicroHOope  as  a  means  o<  Diagnosis — Injections — ^Bilicrosoopes  of  American  Manutacture. 


Those  who  are  aequaioted  with  Dr.  Carpenter *s 

rtrevioas  writings  on  Animal  and  Vegetable  Physio- 
(igy,  will  fallv  understand  bow  vasta  store  of  know- 
ledge be  is  able  to  bring  to  bear  apoa  so  eomprehea- 
sive  a  aubjeet  as  the  revelatioas  of  the  microseiipe ; 
and  even  thoee  who  have  no  pravioas  aeqaaiataace 
with  the  ciaistructiun  or  aaes  of  this  iostrument. 


inedieal  work,  the  additions  by  Prof.  Smith  give  U 
a  positive  claim  up<iB  the  profession,  for  whieh  ws 
doabt  not  he  will  receive  their  sincere  thanks.  la- 
deed,  we  know  not  where  the  student  of  niedieiaa 
will  find  sneh  aeomplete  and  aatisfaetory  eolleetina 
of  mieroseopie  facta  beanng  apoa  phyaiolwy  aad 
practical  medicine  as  is  contained  in  Prof.  Smith's 


will  find  abnadanceof  iaformatifw  conveyed  in  clear  I  appendix ;  and  this  of  itself,  it  seems  to  as,  is  fully 
and  simple  langaage.— ATcd.  TimtM  and  Oasccts.  I  worth  the  coat  of  the  volnme.— Ls«t«m7i<  tUdicml 
Although  originally  not  iateaded  as  a  striotly ,  I^««*W|  Nov.  ISfifi. 


BT  THB  SAMB  AITTHOB. 


ELEMENTS  (OR  MANUAL)  OF  PHYSIOLOGY,  INCLUDING  PHYSIO- 

LOGICAL  ANATOMY.  Secoml  American,  from  a  new  and  revised  London  edition.  With 
one  hundred  ami  ninety  illustratioiis.  In  one  very  handsome  ocuvo  volume,  leather,  pp.  M6. 
$3  00. 

In  publishing  the  first  edition  of  this  work,  its  title  was  altered  from  that  of  the  London  volume, 
by  the  substitution  of  the  word  **  Elements"  for  that  of  "  BCanual,"  and  with  the  author's  laiictioB 
the  title  of  <*  Elements*'  is  still  retained  as  being  more  expressive  of  the  scope  of  the  treatise. 


To  say  that  it  is  the  beat  awaaal  of  Physiology 
■ow  before  the  paMie,  would  not  do  saflleieBt  Jasttee 
to  the  aathor.— Bv/a^s  M^ditml  Jttmml. 

la  his  former  works  It  woald  seem  that  he  had 
exhaasted  the  sabjectof  Physiolorv.  In  the  present, 
he  gives  the  essence,  as  it  were,  oTtae  whole.— >if.  7. 
/earnai  s/M«dtc«M. 


Those  who  have  oeeasioa  for  aa  elementary  trea- 
tise on  Physiology,  cannot  do  better  thaa  to  possess 
themselves  of  the  awaaal  of  Dr.  Carpenter*— AMtfcal 
Exmwimtr. 

The  best  aad  most  complete  ezpoa4  of  modem 
Physiology,  in  one  volume,  extant  in  the  Bagllsh 
iangaage.— Sf .  L—u  MUitmi  Jwnmmi. 


BT  THB  8AMB  AtTTHOB.     {Pr^porimg,) 

PRINCIPLES  OF  GENERAL   PHYSIOLOGY,   INCLUDING   ORGANIC 

CHEMISTKY  AND  HISTOLOGY.    With  a  General  Sketch  of  the  Vegetable  and  Animal 
Kingdom.    In  one  large  aad  very  handsome  octavo  volume,  with  several  hundred  illustrations. 

The  subiect  of  general  physiology  having  been  omitted  in  the  last  editions  of  the  author'a  «  Com- 
parative Fhysiology"  and  *<  Human  Physiology,"  he  has  undertaken  to  prepare  a  volume  whieh 
shall  present  it  more  thoroughly  and  fully  than  has  yet  been  attempted,  and  which  may  be  regarded 
aa  an  introduction  to  his  other  works. 

■T  TMB  Ban  AfTTBOB. 

A  PRIZE  ESSAY  ON  THB  USE  OF  ALCOHOLIC  LIQUORS  IN  HB/"^ 

AND  DISEASE.    New  eMkM,  wfth  n  PreAce  by  D.  F.  Oonraift^  IH.T^.^  «b^^  vc^ 
•eieBlifio  words,    /b  eae  Bent  ISlBo.  TolWDe,  eitr%  ckuk.  v^.VI^.    W — "" 


BLANCHARD  ft:  IAEA'S  MEUIUAL 


CON  DIE  lO.  F.l,  M.D.,  Ac. 
A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN.    Foonl 

edition,  ™viBed«iid«ugmBniccl.  Id  one  1«i^  volume,  8vo.,  If  Blhef.olneBrly  750  pi^e*,  %3  U6. 
From  thi  AirTHOB'<i  Prrfacb. 

The  demRDd  lor  uiollKSr  edition  bta  ifTorded  ihu  author  an  oppartuoily  of  agaia  inl^petini  ikr 
BDIire  IreBlite  10  a  carernl  reTision,  and  ol' incorporalin^  in  rl  every  imponut  oh^rraliun  n&irJad 
aincetbeappearanoeurihelatiledilliw,  in  rererenceio  Ihepalhulugyand  Ihenpeuuc*  vl  Ihe  aenral 
direaper  of^whicb  il  Ireols. 

In  the  preparaiian  of  the  present  edition,  w  in  Tho«e  irhirh  have  piefeded,  while  lb«  uithor  hu 
appro prialed^lo  bit  uw  every  important  laol  >hal  he  has  jbund  recorded  in  Ihe  arorin  <il  iMhan. 
taaviitg  a  direct  bearing  upon  either  dI  the  lubjects  of  which  be  Irenes,  and  ibe  oumetou*  raloilite 
otHvrVBIiont — palholusieal  as  well  as  praaiii^ — dispersed  througbout  Ihe  pagva  o(  ibe  nieiliekl 
jnirnala  of  Europe  Bud  America,  be  has,  neverllieleiw,  relied  chiefly  upon  bii  Dwo  obfcrvaliina  ^ 
experience,  acquind  during*  long  and  BomevtiBi  exieiuive  practice,  and  under  cireumManra  p^ 
culinrly  well  adapted  for  Ihe  clinicid  8li»dy  ofrliB  diwBBea  of  early  life. 

Every  tpecies  of  bypolhelicnl  reaiioniiig  btf,  >a  much  as  powible,  been  BTDidcd.  The  auilmr  liu 
endsRTnred  Ibrougboui  Ihe  work  to  confine  bimtelf  to  a  »inipJe  »1«(enient  of  well-BsctirUined  ^Iib> 
bgioQl  fsclM,  and  plain  therapeutical  direction! — hn  chiefdesire  being  to  render  il  wh*l  il(  lilJe 


utk.A«uric«nMIiiu-lA 

"iv. 

HbIm 

is 

naiawhole.inoariadgm 
■TuMiDB^miHta  Jnma 

as 

Con 

ie'i 

of  [ho  beil  wor*«  BpOB  Ihe  DIku 
IlitEngli«Ii  tMgmge.— IFjjUni  Z 

J  ia  Ihe  Hi^ll^  laoRHBge.    It  II  T 

Morchii- 

rj-wbe. 

ndeed,  we 

:'.'.'.-B' 

Wb  feel  ausred  friini  aelaal  eiperbtsc*  II 
oflbiBWOtk.— J«.  Y.JtMTnmlafMUitvH. 
A  verilablc  padlalrie  encyolopedia,  anil  aa  >d 


We  reel  persuadHJ  IliBI  Il» 
rcHloD  will  (ooB  legard  ii  i 

Diie«Hi  of  Cmidrei"— Jv 


P53,: 


e,— OMa  JbdiHl  •■ 


a  in  Ibf  EMtltf 


» 


CHRISTI50N  (HOSERT),  M.  D.,  V.  P.  H.  8.  E.,  &e. 
A  DISPENSATORY;  or,  Commentary  on  the  PhannBcopcBiM  of  Great  Briuia 

and  Ihu  Uniled  SiBlea;  comprising  Ibe  Nslursl  History,  Dewripiiou,  Cbemiflry,  Phanoacy,  Ar 
lions,  U»eti,  and  Dosee  of  the  Anirl*'B  nf  ihH  .\lArprifl  Mpdica.     Second  edition.  miMAduid  im- 
pruved,  wiib  a  Supplement  conlai 
tions,  and  two  bundred  and  tbirte^ 
in  one  very  large  and  huidnume  i. 


COOPER  (BnANSBY   BJ,  F.  R.  S. 
LECTURES  ON  THE   PRINCIPLES   AND   PRACTICE  OF   SURGERT. 

In  one  very  large  ociavo  volume,  eitraclulh,  oflM  pages.    S3  00. 

COPLAND  ON  THE  CAUSES,  NATTBE.A-MI 
TREATMENT  OF  PALSY  AND  Al^PLEW 

CLVMBR  ON  PBVRRS;  THEIR  DIAGMKilft, 
PATHOLOGY,  AND   TREATMENT     Ib  oc 


ricu  cdlllon.    la  oae  hM 
aitrm  elolb,  of  abual  SCM 
lllDBCnltoBioa  wood.    >3 
COOPER  ON  THE 


AND  DI9KA9E9 


E  IUlEAST,withlweDti-&ireMiK 
auIglDBl  Fapen,  One  large  volui 
vo.,  ezlra  eloth,  wilh  :tttfigerei 


k  IT7  Sgur 


COLOMBAT  DE  t,4BERB  ON  TBB  DtSRASM 
OP  FEMALES,  and  on  Ika  (peelal  Bjgisi  of 
ihiirSu.  TmtUted,  wiibuarNDtHaadAd- 
diiiaOB.by  C,  I>.  Maiei.M.  D.  Swswl  e«iu<«. 
re  riud  and  imp  roved,  la  me  lar>s  w«aBi>,  ea- 
Mvo,  leMher,  WiU>iunEtu»W(nd-e«U.  fp-ai- 


CARSON  (JOSEPH),  l\4.  D., 
Profeawir  of  MsletiaMedica  uid  Plia.iiuicy  in  Ibe  UnivK.ily  of  FenneylvaRia. 

BTNOPSIS  OF  THE  COURSE  OP  LECTURES  ON  MATERIA 

AND  PHARMACY,  delivered  in  the  Univi^raily  ol  Pennsylvania.     Second  uj 
I        lion.     In  one  very  neat  octiro  volume,  eitre  clolh,  of  20Sp«gei,     •)  SO. 

'  CURLING    (T.     BJ,    F.H.S., 

I  Sargeoa  to  the  Ldsdcni  HuBpltal,  FrreiilsBl  of  tko  HnntFrian  Society,  &e. 

A  PRACTICAL  18.^^.11%?.  Q^  DV^EASKS  OF  THE  TESTIS,  SPERMA- 
TIC COttD,  ANU  SCROTUM..    aew«A^Iaw^«a,^wB.^tal«««i.«lAw.Ur^«l  E<wli»»edi- 


;JB 


AMD   BOIENTIPIC  PUBLIOATIOHB. 


CHURCHILL  (FLEETWOOD),  M.  D.,  M.  R.  I.  A. 

ON  THE  THEORY  AND  PRACTICE  OF  MIDWIFBRT.     Edited,  with 

Notes  Md  Additioos,  by  D.  Feanoib  Condu,  M.  D.,  waihor  of  a  "Practical  Treatise  on  tlie 
Dii^aMs  of  Children,"  dec.  With  139  iUuitratioiit.  In  one  very  handfffmit  octavo  volume, 
leather,    pp.510.    $3  00. 


To  beitow  praise  on  a  book  that  has  received  raeh 
auirked  Approbation  woald  be  ■aperflnoaa.  We  need 
only  wjr,  therefore,  that  if  the  first  edition  was 
thought  worthy  of  a  favorable  reception  by  the 
nedical  public,  we  can  confidently  affirm  that  this 
will  be  foand  much  more  so.  The  lecturer,  the 
practitioner,  and  the  itudent,  may  all  have  recourse 
to  its  psfcea,  and  derive  from  their  perusal  much  in- 
terest sikI  instruction  in  everything' relatinf  to  theo- 
retical  and  practical  midwifery.— i)«6{«ii  QmmrUrlf 
J^nrmml  e/  Mtdical  Scmmcs. 

A  work  of  very  great  merit,  aad  such  as  we  can 
eonfidently  recommend  to  the  study  of  every  obste- 
trie  practitioner.— Lsadsa  iUdicml  Qmm^tu. 

Thif  \n  certainly  the  most  perfect  system  extant. 
It  is  the  best  adapted  for  the  purposes  of  a  text- 
hook,  and  that  which  he  whose  necessities  confine 
him  to  one  book,  should  select  in  preference  to  ail 
others. — Soutlum  M^dicml  and  Surgical  Joumai. 

The  most  popular  work  oo  midwifery  ever  issued 
from  the  Aaseriesa  press. — CkarUitmt  Mtd.JounuU. 

Were  we  reduced  to  the  necessity  of  having  but 
9U*  work  on  midwifery,  and  ptrmitud  to  e4ssM, 
we  would  unhesitatingly  take  Churchill.— NVfUra 
M*d.  mmd  Surg.  Jourmui. 

It  is  impossible  to  conceive  a  more  useful  and 
decant  manual  than  Dr.  Chnrehiirs  Practice  of 
Midwifery. — Provimeiml  Midicml  Joumai. 


No  work  holds  a  higher  position,  or  is  more  de- 
serving of  being  placed  in  the  hands  of  the  tyro, 
the  advaaced  stadeat,  or  the  praetitioaer.— Mitdieal 
Examintr. 

Previoas  editions,  aader  the  editorial  supervisisB 
of  Prof  R.  M.  Huston,  have  been  received  with 
marked  favor,  aad  they  deserved  it;  bat  this,  re- 
printed from  a  very  late  Dublin  edition,  carefully 
revised  and  brought  up  by  the  author  to  the  preaeat 
time,  does  present  aa  anusnally  accurate  and  able 
exposition  of  every  important  particular  embraeed 
in  the  departmeat  CM  midwifery.  •  •  The  clearness, 
directness,  and  precision  of  its  teaehiags,  t<igether 
with  the  great  amoaat  of  statistical  research  whiel^ 
its  text  exhibits,  have  served  to  place  it  already  ia 
the  foremost  raax  of  works  ia  this  department  of  re- 
medial science.—/^.  O.  Mod.  amd  Surg.  Jourmal. 

In  our  opinion,  it  forms  one  of  the  best  if  not  the 
very  best  text-book  and  epitome  of  obstetric  science 
which  we  at  present  possess  in  the  English  lan- 
guage.—Jfoaii/Sf/sanM/  o/Modical  Seioneo. 

The  clearness  and  precision  of  style  ia  which  it  is 
written,  and  the  great  amount  of  statistical  research 
which  it  contains,  have  served  to  place  it  in  the  first 
rank  of  works  in  tnis  departmentof  sMdioal  soieace. 
^N.  Y.  Joumai  tf  Miodtciao. 

Few  treatises  will  be  found  better  adapted  as  a 
text-book  for  the  student,  or  as  a  manual  for  the 


Certainly,  in  our  opinion,  the  very  best  work  on  frequent  consultation  of  the  yoaag  practitioaar. 

the  subject  which  exists.— iv.  7.  Annaliit.  1  Amorioma  MUieai  Joumai, 

BT  THE  8AMB  AITTHOK.      {Ju^t  IstMod.) 

ON  THE  DISEASES  OF  INFANTS  AND  CHILDREN.    Second  American 

Edition,  revit*ed  and  enlarged  by  the  author.    Edited,  with  Notes,  bv  W.  V.  Kkatino,  M.  D.    In 
one  laige  and  handsome  volume,  extra  cloth,  of  over  700  pages,    wi  00,  or  in  leather,  $3  25. 

In  preparing  this  work  a  second  time  for  the  American  profession,  the  author  has  spared  no 
labor  in  giving  it  a  very  thorough  revision,  introducing  several  new  chapters,  and  rewriting  others, 
while  every  portion  of  the  volume  has  been  subjectad  to  a  severe  scrutiny.  The  efforts  of  the 
American  editor  have  been  directed  to  supplying  such  information  relative  to  matters  peculiar 
to  this  country  as  might  have  escaped  the  attention  of  the  author,  and  the  whole  mav,  tbeiv- 
fore,  be  safely  pronounced  one  of  the  most  complete  works  on  the  subject  accessible  to  tne  Ame- 
rican Profession.  By  an  alteration  in  the  sixe  of  the  page,  these  very  extensive  additiona  have 
been  accommodated  without  unduly  increasing  the  sixe  of  the  work. 

This  work  contains  a  vast  amount  of  interesting  !  contribatioa  for  the  illustration  of  its  topics.  Ths 
■sattrr,  which  is  so  well  anaoged  and  so  eartly  material  thnsderivedhasbeen  used  with  eoosaromate 
wordr<l  that  the  book  may  be  regarded  as  an  eaey-  .  skill,  and  the  result  has  been  a  work  creditable  alike 
clopiedia  of  information  upon  the  subject  of  wnich  to  the  author  and  his  eoantry.— /f.  A.  JJCiidlce-CMr. 
It  is  certainly  also  a  monument  of  Dr.  |  i{«tri«w.  May,  18o6. 


After  this  meagre,  and  we  know,  very  imperfect 
notice  of  Dr.  ChurchilPs  work,  we  shall  conclude 
bv  sayiag,  that  it  is  oae  that  cannot  fail  from  its  co- 
piousness, extensive  researeh,  aad  general  aeeuraey , 
to  exalt  atill  higher  the  repatatioa  of  the  author  la 
this  country.  The  American  reader  will  be  nartiea- 
larlv  pleased  to  find  that  Dr.  Churchill  has  done  f^U 
Jasttee  thronghimt  his  work  to  the  various  A  mericaa 
authors  «m  this  subieet.     The  names  d  Deweea, 


It  trc-ats 

Churchiirs  untiring  indastry,  inasmuch  as  there  is 
not  a  single  w(»rk  upon  the  diseases  of  children  with 
which  we  are  acquainted  that  is  not  fully  referred 
to  and  quoted  from  la  its  pages,  snd  scarcely  a  con- 
tribution of  the  least  importance  to  any  British  or 
F(»reign  Medical  ioureal,  for  some  years  past,  which 
is  not  duty  noticed.— Leii4<o«  L«iu<l,  Feb.  M,  1856. 

Availinc  himself  of  every  fresh  sfmrce  of  Informa- 
tion, Ur.Churchill  endeavored,  with  his  accu8t<}roed 

industry  ami  perseverance,  to  bring  his  work  up  to  \  Eberle,  Condie,  aad  Btewart,  occar  oa  aearly  every 
the  preaeat  sute  of  medical  knowledge  in  all  the  page,  aad  these  authors  are  eoastaatly  referred  to  hy 
subjects  ii(  which  ii  treats;  and  in  this  endeavor  he  the  aathor  in  tersu  of  the  hkhest  praise,  and  with 
has,  we  feet  bound  to  say,  been  eminently  soecess-  j  the  most  liberal  eoartesy. — Tlu  tUditai  MTaminor. 
fal.    Besides  the  addition  of  m«»re  than  one  hundred       __  .    .  ^    *«.     ^i^       .^,.. 

and  thirty  pages  i»f  matter,  we  observe  that  S4»me  ^.^ '•*T?L  .  '°5J^*»'*  ^^^^-  Chnrchill  moM 
entirely  n^wand  important  ehiiptera  are  introduced,  \  cordially,  bjjth  to  students  and  pracUtioaers,  as  a 
viz:  on  panily»is,  syphilis,  phthisU,  sclerema,  kc.  valuaWeMdVelmbleguideintheUeatmcatof thedis- 
Ac.  As  the  work  now  stands,  it  is,  we  believe,  the  i  esiesof  eklldrea.— Am.  J#«ra.s/i*s  Mod.Beuntoi. 
moiit  comprehensive  ia  the  English  language  upon  .  We  know  of  no  work  on  this  departmeat  of  Prae- 
Che  diseases  inndeat  toearly  life.— Da^/ia  Quarurly  tical  Medicine  which  presents  so  candid  aad  nnpre* 
Jomrnnl^  Feb.  1656.  ;  jodieed  a  atatemeat  «»r  posting  up  (4  oar  aeteal 

It  brings  before  the  reader  an  amount  of  faforma-  i  knowledge  as  this.— ^.  Y.  Joumai  ttfModieimo. 
tiou  not  C4iinprisrd  in  any  similar  production  in  the  |  Its  claims  to  merit  both  as  a  seientiic  aad  praeti- 
lsniriin|;e.  The  amount  of  Ubur  consumed  uprm  its  ■  eal  work,  are  of  the  highest  order.  Whilst  we 
production  cun  only  be  conceived  by  th>ae  who  have  would  not  elevate  it  above  every  other  treatise  on 
been  similarly  occupied,  every  work  of  note  pah-  thesamesnbiect,  we  certaialy  believe  that  very  few 
lifhed  wiiiiin  the  last  twentv*nve  years  ia  the  dif-  are  equal  to  it,  aad  aoae  snperior.— 5siilAsni  Jftd. 
ferent  languages  of  Europe  having  been  laid  aader  •  amd  Surgical  jourmal. 

■T  THB  SAMB  AtJTBOA. 

ESSAYS  ON  THE  PUERPERAL  FEVER,  AOT>  QrraS.^\$SSS&^ 

CULIAR  TO  WOMEN.    Selected  from  Uw  writinc^olBiVlV^ K.^\utx% ^ivr«M%\ftr 
the  Eigkteemth  Century .    In  one  neat  octavo  ▼olnme,  es.U%  clUi^  oil  fiKWX  Cf^  ^M?^* 


BLANCHARD   He   LEA'S  MEDICAL 


CHUnCHILL  (FLEETWOOD),    M.  D.,  M.  R.  I.  A.,   Ac. 

UiON  THE  DISEASES  OF  WOMEN;  incIndiDg  thorn  of  PrentMic;  Mi  CltiM- 

■^       ■     ■      ■       iw  Amerieiui  eiliiiou,  reviwd  by  thf  Aulhor.     Wilh  Nolee  anri  AMiUoDi,  hv  D  K«*»- 

[,  M,  U.iauthurot  '•  A  Prsclim!  Treariw  on  thn  DisruecorChiMron."     Wiihnniu-- 

large  and  handeoiDeoclBvovuluine,  lenUer,  of70B  pages,  iJiul  Itnud, 


.    18-77.)     O  00. 

This  edition  of  Dr.  Churcbill'i  Tery  popular 
r'ttorougbly  bB»  ho  revited  il  in  every  porlr- 


l-'Vhi 


may  «lmo*l  be  letnied  k  Dew  wort,  to 
e  found  greatly  eolirfed,  and  ihorougUy 

^  ._ . Iho  aubjeut,  while  the  very  hanilBouie  seriea  of  lUoiire- 

LDtrodnced,  represeDling  aucb  pathological  condmooa  os  can  be  nccuislely  portroye'd,  prege&l 
novel  tealure,  and  afford  valuable  a»»ii>tHuce  to  the  youog  practitiuner.     Such  additiooa  »  ip- 
ired  deaifsble  for  the  American  Jlodcot  have  beeo  made  by  the  editor,  Dr.  Condie.  while  a 
:chBniral  execatioD  keeiH  pace  with  the  adranot  in  all  other  respecu 
ha*  been  kept  at  the  Tormer  ' 


'hich  the  Toliime  has  undergone,  while  the  pi 


W^fitwamt , -I- .— _ 

l^Mti.  SiUna;  July,  IBST. 

We  hail  wlih  laneh  plranra  th*  rnlgms  bctnrc 
■a.  IhOTDDftilT  ravlaed,  porrceted,  aad  bniashl  nn 
ID  lh>  lalFit  date,  by  Dr.  Ctiarchill  himieVr,  ud 

Hrl«>c«l  aad  able  pen  of  Dr.  iT.  F.  Coidie,  of  Phil- 
id  rliihia.-Aoa  I  Hera  Mid.  aed  Surg.  Jounai,  Oct. 

XSSI, 

Thia  work  ia  the  moit  reliable  ubieh  we  poueti 
Fr'aa  Dill  nibjeci:  and  ia  deuividly  iMpiilir  wilh  Die 
VIjinfeitioB.— eta  rill  loB  Af(d.  Jnmal,  Jul)-,  ISfiT. 

Sc.ChnrehUI'atreatiiaoB  tiitDiuamafWtmt* 
,    ia,  parhapi,  the  laoat  pupDlai  of  bii  wmki  with  Lhe 

— ■>-  — lalTFd  both  ai  a  text-book  aad  manaal  'if 
.    The  preaeai  editinn  haa  andprgnnn  the 


of  thtK  diaeaiei.— ».  r.  Jaunt,  if  Hid.,  Uepl.  Ids?. 

^TeDowregretfBlly  Ilka  lean  of  Di.Charebill'i 

'  book.    Had  oar  Ifpographieal  limlli  pernltiEd, »( 

•bould  (ladlT  have  borrowed  more  from  ila  richly 
JKOiod  PH'^    '"  mrnfluair-    —  ■—- =' - 

work  of  groal  nnd  eiteaii 


w'X«r^ 


I 


"lhe  1 


m/il  ■aey  be  commeaded 


Hia, 


>eaib)eMi 


itioni  of  ihla  work 


D,  before  «>^|*  well  ii 


IsrilT.    ThiaEf 

Aiaerisaapablisheiitaadit 

Wiilim  Jounui  tfUtiicvuna  Sargtrf. 
Wi  are  anitiled  loanaouaea  a  aawud  nnaat 

sditioB  of  Dr.  Cbatehill'a  nlaaMe  work  oa  the  dia- 
niica  of  remain  Wehavoemr  renrdcd  ii  la  oh 
of  lhe  very  beat  worki  db  iha  aBKieeM  onbraeed 
within  iU  ael^,  la  thaEaclfab  laRaaeKe;  aad  the 
pieaea  I  edition,  eahirgHl  aid  revlaid  by  Ihaaalkoi, 
readera  it  alill  more  entitled  la  IheeoaidoKafiflkt 
ptofauioB.    The  niaable  aotea  of  Prof.  HaaUa 

giee,  lo  onhnnce  tU  valae  of  the  work.  Ii  ii  a 
■svca  of  DDagrvtaUtioa  that  the  pabliahera  ban 

pormiliad  the  -  ■■'  -  --  ■--    '-    -'---  '--' '^ - 

■a  author  lioae  li  eapab1e''Df  siahiag.— 


work  of  refereaee  for  pracli 
Jeclfrnin  IheBriliah  preii,- 


ilfOr  a 


■a  oaly  ^ 


i  View  of  Pathology  and  Tlicafr 


DICKSON   IS.    H.),   M.O., 
Piofeiwir  of  Piaetica  of  MedLciae  in  the  Jtifferaoa  Medieal  Uollage,  Phi 

ELEMENTS  OF  MEDICINE;    a  Coropendi 

ol  TSO  pages,  leather.     S3  7S. 

As  an  American  text- book  on  the  Practice  of  Medicine  for  the  Mudenl,  and  d>  a  condensed  work 
«f  reference  forihe  practitioner,  this  vtdinne  will  hHreslroascluiaigun  the  Bttention  otihe  piufeenoa. 
Few  pbyaician*  have  had  wider  opporlunNiea  ihan  ibe  BUlhor  fur  oburvation  and  ex^rienoe.  Hid 
ftw  perhaps  have  uoed  them  better.     A»  tbe  re'Ult  of  a  life  of  aiudy  and  practice,  therefore,  lhe 


Di  "ur  coonny,  u  wen  u  uj  one  who  hai  Ion;  f    ' 
a  hlili  paaitJDp  ■!!»«■  Iwohcra  and  praclltliiner 
Biedteina,  thia  work  ia  entitled  to  palrooajie 
sarefol  Mody.    The  letnwd  aaihor  haa  endtavi 


is  work  Becardug  lu 


ntrably  adaptnl  to  Itia  wanta  of  tbe  Annnraa 

(c'leariy  lo  lhe  Diiad  of  the  reader  uiaiwhiek  It 
'■"-'■-' --dietifled  by  expeiUjiee.    TbavarW 

readiaiof  thBBBtlHiriaaonq)leBoaily 

ippareafjind  all  the  recent  iaiproreinfaiu  and  dia- 
iiTerin  in  thrrapeatic*  aad  palholon- are  throii- 
'led  ia  ila  pBfsi' — ^karJuraa  Mtdr  jBaraoJ. 

In  Iha  But  part  of  lha  work  the  aub|*ei  ol  p 
Ifni    pleture   of  iM 


AND  80IKNTIFI0   PUBLIOATION0. 
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DRUITT  (ROBERT),  M.R.  C.  8.,  &e. 
THE  PRINCIPLES  AND  PRACTICE  OP  MODERN  SURGERY.    Edited 

by  P.  W.  Sakoifit,  M.  D.,  tuthor  oi  "  Minor  Surgery,"  &c.  IIluf>trated  with  one  hundred  and 
ninety-three  wood-engravings.  In  one  very  handsomely  printed  octaro  volunne,  leather,  of  576 
large  pages.    $3  00. 


Dr.  Drnitt's  researches  iato  the  literatare  of  his 
aabject  hare  been  not  only  extensive,  bat  well  di- 
rected ^  the  most  discordant  authors  are  fairly  and 
in^Mrtiallv  aaoted,  and,  while  dae  credit  Is  given 
to  each,  their  respective  merits  are  weighedT with 
aa  naprejadiced  hand.  The  grain  of  wheat  is  pre- 
aervea,  and  the  chaff  is  anmercifolly  stri|>ped  off. 
The  arrangement  is  simple  and  phiIos<»phical,  and 
the  style.  Uiongb  clear  aad  interesting,  is  so  precise. 
that  the  book  e<intains  more  information  condensed 
Into  a  few  words  than  any  other  surgical  work  with 
which  we  are  acquainted.— Lsfufon  iitdical  Timti 
mmd^mautu. 

No  work,  in  oar  opinion,  eqaals  It  in  presenting 
aeh  valuable  sunrieal  matter  in  so  small  a 
,— Si.  L^wii  Mud.  mmd  Surgical  J9wmmi. 


Druitt's  Sargery  is  too  well  known  to  the  Ameri- 
eaa  medical  profession  to  require  its  announcement 
anywhere.  Probably  no  work  of  the  kind  has  ever 
been  more  cordially  received  aad  extensively  circu- 
lated than  this,  "nie  fact  that  it  comprehends  in  a 
eomparatively  small  compass,  all  the  essential  ele- 
ments of  theoretical  and  practical  Surgery — that  it 
AS  found  to  coatain  reliable  and  authentic  informa- 
tion on  the  nature  and  treatment  of  nearly  all  inrgi- 
eal  affections— is  a  sufBcient  reason  for  the  liberal 

Ktronage  it  has  obtained.  The  editor,  Dr.  P.  W. 
raeat,  has  contributed  much  to  enhance  the  value 
of  the  work,  by  sach  American  Improvements  as  are 
ealcniated  more  perfectly  to  adapt  it  to  our  own 
▼lews  aad  practice  in  this  country.  It  abounds 
ereiy  where  with  spirited  aad  life-like  illustrations, 


which  to  the  yonng  surgeon,  especially,  are  of  no 
minor  considcrati<m.  Every  medical  man  frequently 
seeds  just  such  a  work  as  this,  for  immediate  refer- 
ence in  moments  of  sudden  emergency,  when  he  has 
not  time  to  consult  more  elaborate  treatises.— TAs 
Okie  Htdicml  mmd  Surgical  Jevmol. 

Druitt'swork,  eondensed,  systematic,  lucid,  and 
practical  as  it  is,  beyond  moat  works  on  Surgery 
accessible  to  the  American  atndent,  has  hsd  much 
currency  in  this  country,  and  under  its  present  aa* 
spices  promiaes  to  rise  to  yet  hither  favor. — Tk$ 
WiiUm  yeamol  4/*  Mtdieia*  amd  aurgtrf. 

A  better  book  on  the  principles  and  practice  ot 
Surgery  as  now  understood  in  Knglaad  and  America, 
has  not  been  given  to  the  profession.— JBoftsa  Mtdi* 
eal  and  Surgtcal  Jcurual. 

It  may  be  said  with  truth  that  the  work  of  Mr. 
Druitt  affords  a  complete,  th<iugh  brief  and  con* 
densed  view^  of  the  entire  field  of  modern  surgery. 
We  know  of  no  work  on  the  same  subject  having  the 
appearance  of  a  mannal,  which  includes  so  many 
topics  of  interest  to  the  surgeon ;  aad  the  terse  man- 
ner in  which  each  has  been  treated  evinces  a  most 
enviable  quality  of  mind  on  the  part  of  the  author, 
who  aeems  to  nave  an  innate  power  of  searching 
out  and  grasping  the  leading  facts  and  features  of 
the  moat  elaborate  productions  of  the  pen.  It  Is  a 
useful  handbook  for  the  practitioner,  and  we  should 
deem  a  teacher  of  aurgery  unpardonable  who  did  not 
recommend  it  to  his  pupils.  In  our  own  opinion,  it 
is  admirably  adapted  to  the  wants  of  the  student.'— 
PrcvituiU  Midical  amd  Surgical  J§urual . 


DALTON,  JR.  (J.  C),  M.  D. 

Professor  oi  Physiology  in  the  College  of  Physicians,  New  York. 

HUMAN  PHYSIOLOGY  DESIGNED  FOR  MEDICAL  STUDENTS.      la 

one  very  handsome  octavo  volume,  with  about  two  hundred  and  fiAy  original  illustrationB    (iV»- 

r) 


DUNQLI80N,   FORBES,  TWEEDIE,   AND  CONOLLY. 
THE  CYCLOPEDIA.  OP  PRACTICAL  MEDICINE:  comprising TreatiBea  on 

the  Nature  and  Treatment  of  Diwases,  Materia  Medica,  and  Therapentiea,  Diseases  of  Women 
and  Children,  Medical  Jurisprudence,  &c.  &c.  In  four  large  xuper-royal  octavo  volumes,  of 
3254  double-columned  pages,  strongly  and  handsomely  bound,  with  raised  bands.    $12  00. 

*^*  This  work  contains  no  less  than  four  hundred  and  eighteen  distinct  treatises,  contributed  by 
sixty-eight  distinguished  physicians,  rendering  it  a  complete  library  of  reference  for  tin  country 
practitioner. 


The  most  complete  work  on  Practical  Medicine 
extaat;  or,  at  least,  in  our  language.— JBi^ale 
Medical  amd  Surgical  Journal. 

For  reference,  it  is  above  all  price  to  every  prae- 
titioaer.— W«fUm  Lanett. 

One  of  the  moat  valuable  medical  publications  of 
the  day — as  a  work  of  reference  it  is  invaluable.— 
Wctum  Journal  of  Medicine  amd  Surgcrp. 

It  has  been  to  as,  both  as  learner  and  teacher,  a 
work  for  ready  and  frequent  reference,  one  ia  which 
modem  English  medicine  is  exhibited  in  the  most 
advantageous  light.— Mitdtca/  Bxamiuer. 

We  rejoice  that  this  work  is  to  be  plaeed  within 
the  reach  of  the  professi4m  in  this  country,  it  being 
aAqaestionably  oae  of  very  great  value  to  the  prae- 


titioner.    This  estimate  of  it  has  not  been  formed 
from  a  hasty  examination,  but  after  an  iatimate  ac- 

3 naintanee  derived  from  frequent  consultation  of  it 
uring  the  past  nine  or  tea  years.  The  editors  ara 
praetitioaers  of  esUblished  reputation,  aad  the  list 
of  contributors  embraces  many  of  the  most  emiB<nt 

Professors  and  teachers  of  London,  Edinburgli,  Dnb* 
in,  and  Olaigow.  It  is,  indeed,  the  great  merit  of 
this  work  that  the  principal  articles  have  been  fur* 
nished  by  practitioners  who  have  not  only  devoted 
especial  attention  to  the  diseases  about  which  they 
have  writtea,  but  have  also  enjoyed  opportunities 
for  aa  extensive  practical  acquaintance  with  them, 
and  whose  reputation  carries  the  assnruaee  of  their 
competeacy  justly  to  appreciate  the  opinions  of 
others,  while  it  stamps  their  own  doctrines  with 
'  high  and  jast  aathority«— iliiMruaa  Medical  Jsam, 


DEWRE9*S  COMPREHENSIVE  SYSTEM  OF 
MIDWIFERY.    Illustrated  by  oceasiimal  cases  I 
and  many  engravings.    Twelfth  editum,  with  the  ; 
author's  last  improvements  and  corrections     In  ! 
oneoctavovolnme,  extra  cloth,  of  600 pages.  9340. 

DEWEE8*9  TREATISE  ON  THE  PHYSICAL  I 
AND  MEDICAL  TREATMENT  OF  CHILD-  . 
REN.    The  last  edition.    In  one  volume,  oetavo, 
extra  cloth,  MU  pages.    tS  80. 

DRWEES^S  TREATISE  ON  THE  DI8BA8RS 
OF  FEMALES.  Tenth  edition.  laoaevotasM, 
oetavo,  extra  cloth,  S9i  pagesi  with  plates.  99  00. 


DANA  ON  ZOOPHYTES  AND  CORALS.  In  one 
volnme,  imperial  qaarto,  extra  cloth,  with  wood- 
cuts. 915  00.  Also,  AN  ATLAS,  in  one  volunm. 
imperial  folio,  with  sixty-one  MMgnifieent  colored 
plates.    Bound  in  half  morocco.    930  00. 

DE  LA  BECHE>S  GEOLOGICAL  OBSERVER. 

In  (me  very  large  and  handsome  octavo  volume,  ex- 
tra cloth, of  700 pages,  with  300  wood-cuts.  9«  ^' 

FRICK  ON  RENAL  AFFECTIONS;  thei< 
aoalf  and  Pathology.  With  illastratkiM 
volaoM,  royal  llmo..t«iMa.t\iiCa^  l^asnl 


KLANOHAKU  tc   LEA'S   MEDICAL 
DUNQLISON    (ROBLEY),    M.  O., 


TSTEVr  AND  ENLARGBD  EDITION,  Now  Ready.  185a 
MEDICAL  LEXICON;   a  Dictionary  of  Medical  Science,  ooataining  a  co 

~  '  "iubjeclB  wai  Terme  of  AnatDmy,  PbT'idwy,  Faiholory,  Hvi 

IT,  Pli«nn»cy,  Surger>-,  Obsiotriw,  Mfdinil  Juf= " - 


1 


■!«)  TeniiB  or  _,      _ _^     ... 

ipenlica.  Fbarmaeology,  Pli»nn»cy,  Surgery,  Obsiotricn,  Mfdinil  Juri^nxknce.  DcbilolrT, 
NoiicesorClinialeiindor  Mineral  WKter»;  Formuln  Tor  Ofllcinil.  Empirical,  uid  UieiriH! 

Preporalions,  &C.     With  French        ■      ■       -■  ^__        _.     ..   .  ... 

greally  enlBrjed.     In  one  very  inr, 

in  tmall  lype ;  slrongjy  boiuid  ia 


FimiBiB  KOiTHiii,  rev[-*d  and  tefy 

ime,  or^j  (tnuble-eolnoioed  BMC*. 
Price  W  W. 


hiA  Ixeii  devilled  ii 


K^f'i 


ion  to  render  il  in  everr  mpecl 
s  hilhenn  enjoyed.  The  rapid 
land,  show  ibai  i)  if  resided  hj 
in  am  bor  ha*  enifeavend  ia  ito 
■be  il  a  miifactory  and  driim- 
irch  wiihuui  ilifappDinimpnii'at 
—'- — "    "- BDcompIlsli  Um^ 


lie  or  FiMKEB  large  editions,  and  the  coniilBnlly  increa-ing  i 
irore«i>ion  u  The  alandard  anlhorily.     Slimulaled  byihis  (at 

on  to  iolrodiice  whalever  mighl  be  neOBMary  "  ti 

fi«peniiable — ieiicon,  in  wbieb  Ibe  «ludenl   may 

lal  his  been   legilimeled  in  Ihe  nomenclature  ol^  i 

latga  addilions  beve  been  found  requisite,  and  Ibe  eitenl  of  Ihe  authoi  ^ 

Trom  Ihe  fad  that  abonl  Sii  TBOL-stHD  euhjectt  nnd  lermf  have  been  jnlrodured  IhnxKboni,  rea- 
deimgllie  whole  Dumber  of  definilions  about  Sixtt  TnoLsaND,  lo  arcuDimndaie  whiob,  Ibe  Dan- 
ber  uf  pegea  has  been  increased  by  nearly  ■  biuidred,  ntXwiihMandina  an  enlaigeinenl  in  Iheigw 
aTlhepaae.  Tbe  medieat  preai,  bolb  in  Ihif  country  and  in  England,  ha?  pronounced  the  work  ia- 
divpeopabifl  to  ail  medical  aludenlA  and  praditiooerA,  and  tbe  present  improred  edilion  vrill  nM  fme 
Ihnl  enviable  repulalion. 

The  piibliehers  have  endeavored  to  render  the  tnecbaniral  eiecuiion  worthy  of*  volnmeof  tDCb 
oniversal  uiie  in  daily  reference.  Thegrealed  rare  hnr  been  exercinid  to  obtain  ihe  typoersphieal 
accuracy  su  neceuary  in  a  work  of  the  kind.  By  the  amali  bui  eireedingty  clear  type  cmploml, 
an  immcnH  nmount  cij  mBlier  is  condeneed  in  ils  iboueand  imple  |w«ei,  while  ihe  binding  irill  be 
found  ■irong  and  durable.  With  all  thrie  improvements  and  enlarsemeniA,  Ibe  price  hu  Ivea  be|i« 
•t  the  former  very  luuderate  rale,  plamngil  within  tbe  reach  of  all. 

Thii  work.  Ihe  appearaan  of  Ihe  flflee nth  edilinn    lelli  m  la  hii  prcfinc  lliil  )ib  baa  added  mbaii  At 

anaonnoa,  laperhipalbeDKntalnpeadmiinKniBinuit  bclorr,  wai  ciiniiiJered  uniT'iiaJIy  ■■  the  Mil  wurk 

of  labor  and  eraditlun  in  medisil  literatura.    Oae    of  the  kind  ia  any  lugHf e StlJJaaaa'i  Jtrrm»l, 

woald  kanUy  lappoM  alter  oDniBul  an  nf  Iha  pre-  March,  1838. 

lediu  edjliona,  wheia  we  have  aavar  failed  to  Bed  |],  ),„  rued  hli  alnslie  atraetar*  lo  Ike  faaada- 

a«flfiliBllyftallaipja«lioonf  oven  medicaltorin,  ,i™,  ,nd  rem.-lellef  and  rrconairacMd  the  atii* 

Slri^i-t^jE^-i^^;!^  iSh    T^i^-  l^''     Nol*uihaBriif»™™raddtiH>naI»b],«« 

sVi'^rn^i  sra^ SiTrhia'i'irJL"^";  :r;n-:ri^^^ 

j,*f  ™",5''i'L'i£^rrn'  '.'r.-?'.?^  i;5.T^Ti.:^i£Ji;Si!  I  ^"  •  «™"ft;  an- "oroulrsX-"  5  .Sw 
«rmZrs;p"k™.;vV^'Vrf?h™trnd^x^^ 

The  wnrk  !■  ■  mniiDnHnt  nf  palitnt  reieareh, '  Ihli  wnrk  ia  inDonpurably  Ibe  hen  aad  nwM  nm- 
ful  Judgmenl,  and  TMi  phriiol  Inbnr,  thai  will  pleie  Medleal  Irfaiena  la  ihe  Ragllih  laanin. 
lemiin  iha  uae  of  tbe  auikor  more  effectually    Tkeanwuni  of  labor  which  ihediaiiagaiih<4  aaiGn 

1  aay  poaaJUe  devisa  of  ilnne  or  nclsl.    Dr.    hai  bsalowail  npna  il  ia  truly  woadrrrui,  aad  Ik* 

SaBgllMBdeaervealllethuiliaBuIoaly  ufths  Amc-  Inrsiag  Bad  nmareh  Uianlayed  la  ■■■  prnanUna 
tieaa  prafeaalDa.  but  of  ma  whnle  meilical  world. —  are  cgmlly  remarkBhle.  CninnH'iil  and  cnmnHadt- 
■r...>  A—   "tiict.Ckir.  Btritv}.  Jan.  ISffi.  Una  are  BnnBcaiMrr.  aa  an  oae  a!  lbs  preaeal  ^ 

link!  of  porrhnilnc  any  "tk^r  Medical  Dii-liunarv 
iin  thli  — 51.  £«■>)  Mfd.iMd  Smrt.Jamr*,,in. 

II  il  Ihe  rntiaditinn  aiinie  nfa  gond  nrdieBt  libra- 


only  ay,  t  hit  the  addili' 


eriiditioB  dUplays 


vlled  cftU  kind.    Ths 

lerfHtioD,  redouBd  to  tha  laillng  ere^t  of  ill 
IT,  aad  have  ninilihed  aa  with  a  volBne  iwtu- 

^aumol,  Dae.  31,  lUSJ.  I 

Good  luiooni  and  eacyelnprdio  wnrka  geaarally, 

tary  mee  aaiuy ;  aad  Ihe  labor  which  la  rrquireu  'u  I 
prDJuee_lheio  In  Iha  prrfest  nuBBcr  of  lhi>  eiampla 


.     ...  theBntll 
bonlii  porcBaaed  by  Ihe  medical  atudesl  — ./iB. . 

A  THry  iwrfpet  work  of  the  kind,  dadmibredli 
miial  perfMl  ii  Ihe  Eaullah  laagluge— Mi4,' 
amtf.  Kipt'UT.  Jna-  IKia, 

Il  ja  now  EntphatlEally  il<  Medlrai  DiciioBai 
the  Eagliah  laoiuPKa.  "nd  fnr  It  Ihars  >a  ou  ao 
t<ila~».  H.  litd-  />Bn>.,  Jaa.  letb. 

ttia 


lating  a  copy  of  Dnaallana'a  l,e3l«f« 
■ftot.-r™.  taBWt,  Xbb.  IMd 
'crcaBskleladtllhebeBiBBtbarltypab- 
ae  wnrld  —Pt*iittmltt  Mid.  S»lwl, 


THE  PRACTICE  OP  MEDICINE.     A  Treatiee  od  Spwi*!  Pathology  aod  IW 

rapeulicB.     Third  Edition.     In  two  largB  oclavo  volumes,  leather,  of  l,fiO0  pages.     M  SSh 
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DUNQLI80N  cnOBLEY),   M.  D., 

ProfeMor  of  InitltBtM  of  Medicine  u  the  Jefferaon  Medical  College,  PhiUdelphia. 

HUMAN  PHTSIOLOOY.  Eighth  edition.  Thoroughly  revised  and  exten- 
sively modified  and  enlarged,  with  five  hundred  and  thirty-two  illuMratioiis.  In  two  large  aad 
lnndM>meIy  printed  octavo  volumes,  leather,  of  about  1500  pages.    $7  00. 

In  revising  this  work  for  its  eisbth  appearance,  the  author  ha.<«  spared  no  labor  to  render  it  worthy 
a  continuan'^  of  the  very  great  favor  wnich  has  been  extended  to  it  by  the  profeftpion.  The  whole 
contents  have  been  rearranged,  and  to  a  great  extent  remodelled ;  the  investigations  which  of  late 
years  have  been  so  numerous  and  so  important,  have  been  carefully  examined  and  iiicorpwatedi 
and  the  work  in  every  respect  has  been  brought  up  to  a  level  with  the  preiMmt  state  of  the  sulyjeet. 
The  object  of  the  author  has  been  to  render  it  a  concise  but  comprehensive  treatise,  containing  the 
whole  Dody  of  physiological  science,  to  which  the  student  and  man  of  science  can  at  all  times  rrfer 
with  the  certainty^  of  finding  whatever  they  are  in  search  of,  fully  presented  in  all  its  aspects;  and 
on  no  former  edition  has  the  author  bestowed  more  labor  to  secure  this  result. 

We  believe  that  it  eaa  truly  be  said,  BO  more  com-  i  The  best  work  of  the  kind  in  the  English  laa- 
plete  repertory  of  facts  npon  the  subject  treated,  I  guage. — 8illiman*i  Journal, 

m  anywhere  be  found.  The  author  has,  nwireover,  j  ^he  present  edition  the  author  has  rosdi»  a  perfect 
Chat  enviable  Uet  at  description  and  that  facility  ,  mirror  of  the  science  nt  it  is  at  the  present  hour, 
and  eaiie  of  expression  wmcli  render  hire  peculiarly  ^s  a  work  upon  physiol,.gv  proper,  the  ■cience  of 
acceptable  to  the  casus  ,  or  the  studious  reader,  the  functions  performed  by  the  bi^ly,  the  ■tudeut  will 
This  f.cnlry.  no  requisite  in  settinfr  forth  many  ,  ^n^  it  .n  y^^  wi»hm.-ifa$kviui  Jomrn.  of  Mtd. 
irraver  sad  less  attractive  subjects,  lends  Mdditiimst  ^pt.  1835. 
charms  to  one  always  fascinating. — BtUm  Mtd.  <      *^  ' 


mmd  Surg.  Joumalj  Sept.  ltiS6. 

The  most  complete  and  satisfactory  system  0I 
Physiology  in  the  English  language. — Amtr.  Mtd. 
J9urmal. 


That  he  has  sueeeeded,  most  admirably  succeeded 
in  his  purpose,  is  apparent  from  the  appearance  of 
an  eigh t h  edition .  It  is  no w  the  f  reat encyclopedia 
on  the  subject,  and  worthy  of  a  place  in  every  phy- 
sician's library.— 1l^««l«m  Lancttj  Sept.  1696. 


BT  THE  SAMS  AOTHOE.     {No99  Reodf.) 

GENERAL   THERAPEUTICS    AND    MATERIA  MEDI(5!L;  adapted  for  t 

Medical  Text-book.  With  Indexes  of  Remedies  and  of  Diseases  and  their  Remedies.  Sixtb 
Edition,  revised  and  improved.  With  one  hundred  and  ninety-  three  illustratioos.  In  two  Urge 
and  handsomely  printed  octavo  vols.,  leather,  of  about  1100  pages.    $6  00. 

From  tks  Author^t  Pnfate. 

"  Another  edition  of  this  work  being  called  for,  the  author  has  subjected  ft  to  a  thorough  and  careful 
revision.  It  has  been  gratifying  to  him  that  it  has  been  found  so  extensively  useful  by  those  for  whom 
It  was  especially  intended,  as  to  require  that  aMsr/A  edition  should  be  issued  in  so  short  a  time  afler 
the  publication  of  a  fifth.  Grateful  for  the  favorable  reception  of  the  work  by  the  profession,  he  baa 
bestowed  on  the  preparation  of  the  present  edition  all  those  cares  which  were  demanded  by  thn 
former  editions,  and  ha«  spared  no  pains  to  render  it  a  faithful  epitome  of  General  Therapeutics 
and  Materia  Medica.  The  copioun  Indexes  of  Remedies  and  of  Diseases  and  their  Remedies  can- 
not fail,  the  author  conceives,  tu  add  materially  to  the  value  of  the  work." 

This  work  is  too  widely  and  too  favorably  Imown  to  require  more  than  the  assurance  that  the 
author  has  revi!«ed  it  with  bis  customary  industry,  Introducing  whatever  has  been  found  necessary 
to  bring  it  on  a  level  with  the  mo»t  advanced  condition  of  the  subieot.  The  number  of  illusirntioaa 
has  been  somewhat  enlarged,  and  the  mechanical  execution  of  the  volumes  will  be  found  to  have 
undergone  a  decided  improvement. 

In  announcing  a  new  edition  of  Dr.  Dunglison's  >  The  work  will,  we  have  little  doubt,  be  bought 
General  Therapeutics  and  Materia  Mediea,  weliave  \  and  read  by  the  msjority  of  iqedieal  students:  lis 
no  words  of  commendatioa  tu  bestow  bck«  a  work  siie,  arrangement,  and  reliability  recommend  it  fo 
wboee  merits  have  been  heretofore  so  often  and  so  all ;  no  one,  we  venture  to  pretlict,  will  study  it 
justly  extolled.  It  must  not  be  supposed,  however,  without  profit,  and  there  are  few  to  whom  it  will 
that  the  present  is  a  mere  reprint  of  the  previous  not  be  in  some  measure  useful  as  a  work  of  refer- 
edition:  ine  character  of  the  author  for  laborious  ence.  The  young  practiticmer,  more  especially,  will 
researcn.  Judicious  analysis,  and  clearness  of  ex-  find  the  copious  udezes  appeadid  to  this  edition  of 
prrssion.  is  fully  sustained  by  the  numerous  addi-  great  assistance  in  the  selrction  and  preparation  of 
tioBS  he  nas  made  to  the  work,  and  the  careful  re-  ,  sniuble  formuUs.— CA«r<ssloa  Mtd.  Jourm.mmd  Rt" 
vision  to  which  he  has  subjected  the  whole.— JV.  A.    vww,  Jan.  185b. 


Mtdieo-Ckir,  EUvitw^  Jan.  1858. 

BT  TMft  SAKS  AUTHOft.    (ii  1UW  Edition.) 

NEW  REMEDIES.  WITH  FORMULA  FOR  THEIR  PREPARATION  AND 

ADMINISTRATION.    Seventh  edition,  with  extensive  Additions.    In  ooe  very  large  octavo 
volume,  leather,  of  770  pages.    fS  75. 

Another  edition  of  the  **  New  Remedies"  hnving  been  called  for,  the  author  has  endesvored  to 
add  everything  of  moment  that  has  appeared  since  the  publication  of  the  last  edition. 

The  articles  treated  of  in  the  former  editions  will  be  fotud  to  have  imdergone  considerable  ex- 
pansion in  this,  in  order  that  the  author  might  be  enabled  to  introduce,  as  far  as  practicable,  the 
results  of  the  subsequent  experience  of  others,  as  well  as  of  his  own  observation  and  reflectioa; 
and  to  make  the  work  still  more  deserving  of  the  extended  circulation  with  which  the  preceding 
editions  have  been  favored  by  the  profession.  By  an  enlargement  of  the  page,  the  numerous  addi- 
tions have  been  incorporated  without  greatly  increasing  the  bulk  of  the  volume. — Pr«fa€«. 


One  of  the  most  useful  of  the  author's  works^^ 
Soutlum  Mtdical  mmd  SurgictU  Joummi. 

This  elaborate  and  asefal  volume  should  ha 
found  in  every  medical  library,  for  as  a  book  of  re- 
ference, for  physicians,  it  is  aasurpassed  by  say 
other  work  ia  existence,  aad  the  double  index  for 
diseases  and  for  remediea.  will  be  found  greatly  to 
cahaace  its  vaJae.— A'sfs  York  M«d.  Oasstls. 


The  great  learning  of  the  author,  and  his  remark- 
able industry  in  pusniag  bis  researches  into  every 
simrce  whence  information  is  derivable,have  enabled 
him  to  throw  together  an  extensive  mass  '«'  " — ^ 
and  statements,  accompanied  by  full  rafe 
authorities;  which  last  feature  raadera  II 
praetleally  val«ab\«  \k^  Sa?i«iX^«A.>nT%^^riMh 

\  examiaaVhaoiViyHiX  ^gwQa«a#-''nka  AsmskM 

\  i/Fhatmati. 
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BLANCHARD   &   LEA'S   MEDICAL 


EKICHSEN   (JOHN), 
Professor  of  Surgery  in  University  College,  London,  dte. 

THE  SCIENCE  AND  AKT  OP  SURGERY;  being  a  Treatise  on  Surgical 

IirjuRTKs,  Diseases,  axd  Operations.  Edited  by  John  H.  Brinton,  M.  D.  Illustrated  witk 
three  hundred  and  eleven  engravings  on  wood.  In  one  large  and  handsome  octavo  volume,  o( 
over  nine  hundred  clo^ly  printed  pege»,  leather,  rained  hands.    S4  2*5. 

It  If,  in  our  humble  judgmi^nt.  decidedly  the  bent  rarely  encounter  cases  reqairing  aargieal  auuiage- 

book  of  the  kind  in  the  Knfriish  language.    Strange  mtnit.—Sutkogeope. 

that  just  such  books  arc  notottener  produced  by  pub-  Kmbraping.  ai»  will  be  pereeived.  the  whole  sam- 
l-e  leacherfi  of  surgery  m  ilim  couiury  and  Oremt  cal  domain,  and  ewch  division  of  ii«jlf  aJraoni  corn- 
Britain  Indeed,  It  is  a  matter  of  great  antonlshment  pi^te  nnd  perfect,  each  chaptt-rfall  and  ezplieii.  each 
bat  no  lew  true  than  a*iom«hing.  that  of  the  mmiy  .ubjeci  faithfully  exhibited,  we  can  only  express  oar 
works  on  sunrery  repuhlt^hed  in  ihm  country  wiihin  esiimaie  of  it  in  the  aggtegaie.  We  consider  it  aa 
the  ast  fifteen  or  twenty  years  a*  textbooks  for  execlleiii  contribution  to  surgery,  as  probably  ike 
awdicaUtu<tems.tbi*i»  the  only  one  that  even  ap-  hes<  ningle  volume  now  extant  on  the  snbjeeL  and 
proximaics  to  the  fulfilineni  of  the  peculiar  wants  of  with  great  pleanut*  we  add  it  to  our  text-hooka— 
youngmenju^tentennguponthe  study  of  this  branch  ffatktHU  Journal  ffMtdiememnd  Surgtr^. 
of  the  profession. —  WesternJour.qfMgd.tntft  Surgery. 


Its  value  is  greatly  enhanced  by  a  very  copious 
well<arranffed  index.  We  regard  this  as  one  of  the 
most  valuable  contributions  to  modern  surgery.  To 
one  enlerinff  his  iioviiiatc  of  practice,  we  regard  it 
the  most  serviceable  guide  which  he  can  consult.  He 
will  find  a  fulness  of  detail  leadinghim  through  every 
step  of  the  operation,  and  not  downing  him  until  the 
final  issue  of  the  case  i^  decided  For  the  some  rea- 
son we  recommend  it  to  those  wbo«e  routine  of  prac- 
tiee  lies  in  such  parts  of  liie  country  that  they  must 


Prof.  Erichsen*s  work,  for  its  size,  has  not  been 
surpassed;  his  nine  hundred  and  eight  ps^es,  pro- 
fusely illustrated,  are  rich  in  phyaiologicaK  patholo- 
gical, and  operative  suggestions,  doctrines,  details, 
and  processes;  and  will  prove  a  reliable  resoarca 
for  information,  both  to  physirian  and  sarireoa,  in  the 
hour  of  peril.— iV.  0.  M§d.  and  Surg.  Joumml. 

We  are  acquainted  with  no  other  work  wherein 
so  much  gooa  sense,  sound  principle,  and  practical 
inferences,  stamp  every  page— Jaurtcajt  Lmuus, 


ELLIS  (BENJAMIN),  M.D. 
THE  MEDICAID  FORMULARY :  being  a  Collection  of  PreBcriptionB,  derived 

from  the  writings  and  practice  of  many  oC  the  most  eminent  physicians  of  America  and  Ewtme. 
Together  with  the  u»«iial  Dietetic  Preparations  and  Antidotes  for  Poisons.  To  which  is  added 
an  Appendix,  on  the  Endermic  use  of  Medicines,  and  on  the  use  of  Ether  and  Chloroform.  The 
whole  accompanied  with  a  few  brief  Pharmaceutic  and  Medical  Observations.  Tenth  edition, 
revised  and  much  extended  by  Hobxrt  P.  Thomas,  M.  D.,  Professor  of  Materia  Medica  in  the 
Philadelphia  College  of  Pharmacy.    In  one  neat  octavo  volume,  eitra  doth,  of*2^  P^^ffcs.    $1  75. 

After  an  exaroinati<m  of  the  new  matter  and  the  It  will  prove  particularly  useful  to  atndents  and 
alterations,  we  believe  the  reputation  of  the  work  young  practitioners,  ss  the  most  important  preterip- 
huilt  up  by  the  author,  and  the  late  distinguished  tions  employed  in  modem  practice,  whieh  lie  seat- 
editor,  will  continue  to  flourish  under  the  auspices  tered  through  our  medical  literatnre,  are  here  eol- 
of  Uie  present  editor,  who  has  the  industry  and  accu-  lected  and  conveniently  arranged  for  rtftnmte.-^ 
racy,  nnd,  we  would  say,  conscientiousness  requi-  CharleMon  Mtd.  Journal  and  Rtviow. 
site  for  the  responsible  task. — Am.  Jour,  of  P harm. 


FOWNE8  (QEOKQE).  PH.  D.,  8lc. 
ELEMENTARY    CHEMISTRY;    Theoretical  and  Practical.    With  niimeTOiifi 

illustrations.    Edited,  with  Additions,  by  Robert  Bridges,  M.  D.    In  one  large  royal  12mo. 
volume,  of  over  550  pa^es,  with  181  wood-cuts.    In  leather,  %l  50 ;  extra  cloth,  $1  35. 

We  know  of  no  better  text-book,  especinlly  in  the 
difficult  department' of  organic  chemistry,  upon 
which  it  is  particularly  full  and  satisfactory.    We 


would  recommend  it  to  preceptors  as  a  capital 
'*  office  book''  for  their  students  who  are  beginners 
la  Chemistry.  It  is  copiously  illustrated  with  ex- 
cellent wood-cuts,  and  altogether  admirably  **got 
ap.*' — iV.  J.  Medical  Reporur. 

A  standnrd  mnnuslj  which  has  long  enjoyed  the 
reputation  of  embodying  much  knowledeein  a  small 
space.  The  author  hrs achieved  the  difficult  task  of 
condensation  with  masterly  tart.  His  book  is  con- 
cise without  being  dry,  and  brief  without  being  too 
dogmatical  or  geneml.— Ftrgtata  Med.  mad  Surgieul 
Journal. 


The  work  of  Dr.  Pownos  has  long  been  before 
the  public,  and  its  merits  have  been  fully  appreci- 
ated as  tne  best  text-book  on  ebemiatry  now  in 
existence.  We  do  not,  of  course,  place  it  in  a  raak 
superior  to  the  works  of  Braade,  Graham,  Tamer, 
Oregorv,  or  Gmelin,  but  we  say  that,  aa  a  work 
for  students,  it  is  preferable  to  any  of  them. — ^Laa- 
don  Journal  of  Medicin*. 

A  work  well  adapted  to  the  wants  of  the  student 
It  is  an  excellent  exposition  of  the  chief  doctrines 
and  facts  of  modern  chemistrv.  The  sixe  of  the  work, 
and  still  more  the  condensed  yet  perspicuous  Bty\t 
in  which  it  is  written,  absolve  it  from  the  charges 
very  properly  urged  against  most  manoals  termed 
popular. — Edinburgh  Journal  of  Modical  Soionct. 


FISKE  FUND  PRIZE  ESSAYS. 

THE  EFFECTS  OF  CLIMATE  ON  TUBERCULOUS  DISEASE.    By  Edwin 

Lee,  M.  R.  C.  S.,  London,  and  THE  INFLUENCE  OF  PREGNANCY  ON  THE  DEVELOP- 
MENT OF  TUBERCLES.  By  Edward  Warren,  M.  D.,  of  Edcnlon,  N.  C.  Together  in 
one  neat  octavo  volume,  extra  cloth.    $1  00.     {Jiist  Ready.) 


FEKQUSSON  (WILLIAM),  F.  R.  S., 

Professor  of  Surgery  in  King's  College,  Limdon,  &e. 

A  SYSTEM  OP  PRACTICAL  SURGERY.     Fourth  American,  from  the  third 

and  enlarged  London  edition.    In  one  large  and  beautifully  printed  octavo  volume,  of  about  700 
pages,  with  393  handMune  iliuatrations,  leather.    $3  00. 

No  work  was  ever  written  which  more  nearly  I     The  addition  of  many  new  pages  makea  this  work 
eomprehended  the  nnreiniirieii  of   the  atudmit  and  |  more  than  ever  indispensable  to  ueatndeataail  prac- 
practitioner,  and  was  more  earefnliy  arranged  to  j  titioner. — lianting*$  Abotratt. 
that  single  purpose  than  this.— iV.  Y.  Mod.  Journal.  \ 
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FLINT  (AUSTIN).  M.  D., 
Profboor  of  the  Theory  and  Practice  of  Medieiae  in  the  Univertlty  of  LoQitvIlley  ke, 

(Am  Important  Now  Work,) 

PHYSICAL  EXPLORATION  AND  DIAGNOSIS  OP  DISEASES  AFFECT- 

INO  THE  RESPIRATORY  ORGANS.  In  oae  largo  and  handMme  octavo  volume,  extra 
cloth,  636  pagea.    93  00. 

We  ean  only  atate  oar  general  impreaaion  of  the  lanxa,  with  whinh  we  are  aeqiminteit  in  the  EUigliah 

high  value  of  this  work,  and  cordialhr  recommend  langaage. — Boston  M»d.  amd  Surg.  Journal. 

it  to  all.    We  'eff  rj  U,  ia  pofait  both  of  4rr»nreinent  f^  ^,>fH  of  original  obiervntion  of  the  highest  merit, 

and  of  the  marked  ability  of  its  treatment  of  the  sub.  we  recommend  the  treatise  to  every  one  who  wishes 

jeets,  aa  deatined  to  take  the  first  rank  in  works  of  ^  become  a  correct  auscultator.    Based  to  a  very 

thisdaaa.    So  far  as  oar  information  extends,  it  haa  xntm9  extent  iip«Hi  eases  numerically  examined,  (t 

at  present  no  equal     To  the  practitioner,  as  well  as  Barnes  the  evidt  nee  of  carefal  stodv  and  discrimina- 

Hie  student,  it  will  be  invaluable  in  during  up  the  ^^^.^  „  ^  ^very  pave.    It  does  credit  m  tae  autnor, 

diagnosis  of  doubtful  cases,  and  in  shedthng  light  .^^   through  him,  to  the  prufcssi<m  in  this  country! 

■pon  difficult  phenomena.— Sii^o«o  Mid.  Journal.  |j  ^.^  ^ij,^  ^^  cnnool  call  every  biwk  upon  auscul- 

This  ia  the  most  elaborate  work  devoted  exclu-  tation,  a  readable  book.— ilm.  Jour.  Mtd.  Sciencot. 
aively  to  the  physical  exploration  of  diseases  of  the 

ITOW  COMPLETB, 
GRAHAM  (THOMAS),  F.  R.  S., 

THE  ELEMENTS  OF  INORGANIC   CHEMISTRY,  includin;?  tho  Applict- 

tioas  of  the  Science  in  the  Arts.  New  and  much  enlarged  edition,  bv  Hbmrt  Watts  and  Robbet 
Beio«£8,  M.  D.  Complete  in  one  large  and  handsome  octavo  volume,  of  over  800  very  large 
imgesi,  with  two  hundred  and  thirty-two  wuo<1-cutH,  extra  cloth.    $4  00. 

**«  Part  II.,  completing  the  work  from  p.  431  to  end,  with  Index,  Title  Matter,  &c.,  may  be 
had  separate,  cloth  backA  and  paper  sides.    Price  $2  50. 

The  long  delay  which  ha«  intervened  since  the  appearance  of  the  first  portion  of  this  work,  has 
rendered  neceH!*ary  an  Appendix,  embodying  the  numerous  and  important  invest igaticmt  and  diV 
coveries  of  the  last  few  years  in  the  subjects  contained  in  Part  I.  This  occupies  a  larve  portion 
of  Part  II.,  and  will  be  found  to  present  a  complete  ab>tract  of  the  mo.Ht  recent  researchea  in  the 
funeral  principles  of  the  science,  as  well  a.H  all  details  neoes.«ary  to  bring  the  whole  work  thoroughly 
up  to  the  present  time  in  alt  de|>artmenls  of  Inorganic  Chemistry. 

Gentlemen  desirous  of  completing  their  copies  of  the  work  are  requested  to  apfdy  for  Part  II. 
without  delay.    It  will  be  sent  by  mail,  prepaid,  on  receipt  of  the  amount,  $2  dO. 

From  Pr<(f.  J.  L.  />aioeo«r,  New  Orleans  School 
o/Medieine^  May  0,  1858. 

It  is  beyond  all  question  the  best  systematic  work 
on  Chemistry  in  the  English  language,  and  I  am 
Kratifird  to  find  that  an  Ameiiean  edition  at  a  mo- 
derate price  has  been  issued,  Sfias  to  place  it  within 
the  means  of  sindents  It  will  be  the  only  text-book 
I  shall  now  recommend  to  my  clasa. 

From  Frof.  Woleo't  CUhbt,  N.  Y.  Free  Acadomf. 
May  'J5, 1856. 

The  work  is  an  admirable  one  in  all  respects, and 
ita  republicatitm  here  cannot  fail  to  exert  a  positive 
influence  upon  the  progress  of  science  in  this  country. 

From  Prof,  E.  N.  Horsford.  Harvard  College,  April 

87,1858. 

It  has,  in  its  earlier  and  less  perfect  editions,  beea 
famihar  to  me,  and  the  excellence  of  its  plan  and 
the  clearness  and  completeae sa  of  its  discasaiona, 
have  long  been  my  admiration. 


It  is  a  very  acceptable  addition  to  the  library  of 
atandard  books  of  every  chemical  ttudeat.  Mr 
\Valts,well  known  as  the  translator  of  the  Cavendish 
Society  edition  of  Ginelin's  Chemisirv,  has  made  in 
the  supplement  an  able  riium6  of  the  progress  of 
the  science  since  the  publicati'>n  of  the  Brst  volume. 
It  is  plain  from  the  number  and  importance  of  the 
topics  there  discnssed,  that  grejit  pr<*gress  has  been 
made  in  the  interval,  both  in  chemical  physics  and 
in  ffcneral  inorganic  chemistry.  No  reader  of  Eng- 
lish works  on  tnis  science  can  afford  to  be  without 
this  edition  of  Prof.  Graham's  Elements. — Sillimem'e 
/o«riM<,  March,  18S8. 

From  Pro/.  O.  P.  Hubbard^  Dartmouth  College^  N. 
A  ,May^,  18». 

f  am  impressed  wi'h  the  great  aanoaat  and  variety 
of  its  contents,  and  its  great  value  to  chemists  who 
have  not  acccFs  to  all  the  current  literature  of  the 
day  in  chemistry.  Its  appendix  embraces  a  great 
d^l  of  recent  investigation  not  found  in  any  other 
American  republication. 


GRIFFITH  (ROBERT  E.).  M.  D.,  Ike. 

A  UNIYEIISAL  FORMULARY,  oootaioiDg  the  methods  of  PrepariDf;;  and  Ad- 
ministering Odicinal  and  other  Medicines.  The  whole  adapted  to  Physicians  and  Pharmaceu- 
tisu.  SscoifD  Edition,  thoroughly  revised,  with  numerous  additions,  by  Robket  P.  Thomas. 
M.  D.,  Professor  ot  Materia  Medica  in  the  Philadelphia  College  of  Pharmacy.  In  one  large  and 
handsome  octavo  volume,  extra  cloth,  of  650  pages,  double  columns.  $3  00;  or  bound  in  sheep, 
S3  25. 

It  was  a  work  requiring  much  perseverance,  and 
when  published  was  looked  upon  as  by  far  the  best 

work  ©fits  kind  thai  had  issued  from  the  American  The  amonniofnserul,every.da>  matter. for  a  prac 
press.  Prof  Thoma.  has  certainly  "improved,"  a*  ticina  physician,  is  really  immense.-. fallen  Mtd 
well  as  added  'othis  Formulary,  and  has  rendered  it  j  ^^  g^^'  Jrurnal 

addiiionally  deservina  of  the  confidence  of  pbarma- ,      ,__       •',.  ^  .    -      ._,  .        . 

ccutiitsind  phyMC\»n%.''Am.  Journal  iff  Pharmaev    -.    .  ^Jf«  predict  a  great  sale  for  this  work,  and  we  wpe- 

,,,  .       '  ,  ._  .  I  ciallv  recommend  it  to  all  medteal  teachers.— AmA- 

We  are  hsppy  to  announee  a  new  and  improved  i  ^^  Sutkoeeope. 
edition  of  this,  one  of  the  most  valuable  and  useful ;     _,.  .      ...        ,-^    ^  ■«  .^.  ».,      » 

works  that  have  emanated  from  an  American  pen.    .  Thisediiion  of  Dr.  Oriffilb's  work  has  been  greatly 
It  would  do  credit  to  any  country,  and  will  be  found    jmnroved  by  the  revision  and  ample  additions  of  Dr. 
usefulness  to  praeuiioners  of  medicine;  it  is   Thomas,  and  is  now,  we  believe,  one  of  the  roost 


nisierina  medicines  that  ean  be  desired  by  the  physi- 
cian and  pharmaceatist. —  Westarn  Lancet 


of  daily 

better  adapted  to  their  purposes  than  the  diapensaio 

tie:— Southern  Med.  and  Surg.  Journal. 

It  is  one  of  the  moM  nscAil  books  a  country  praetl 
tinner  can  possibly  have  in  his  possession.— JKMieai 


complete  works  of  its  kind  iu  any  language.    The 
additions  amount  to  about  seveniv  psfcs,  and  no 
effort  has  been  spared  to  include  in  them  all  the  re- 
rent  improvements  which  have  been  QttUl\A^<«d.  vo. 
med\ca\  ^tnaXft.  %\\A  %^«kfttaa>\c.  \xvi\v»*»».    k  ^«^ 


ChronteU.  ^  ^j  ^^  ^^^^  affaw^  >•  %%\ahw««»s«^\^  >»^*^  tS^ 

Thim  in  a  work  of  gix  hundred  and  fifty-one  page%.\  c\ai\.  and\Ve.ta\i^ti<m*  w*ta»^w«xfc^«t»M\'^ 
embraeiag mil oa  the  oahjt^et  of  preparing  and  admi-  ■  mend.— N.  ^.  Jofumalaf  M.sAk&i'na. 


BLANCHAKD   Sc    LK&'B  MEDICAI< 
QHOSS  (SAMUEL  OJ,   M.D., 

Dtof  Billf try  In  lheJcirrri"dHc<IJt.l  College  uf  Phllldclp 

New  Editloa  (Now  Heaay.) 
ELEMENTS  OF  PATHOLOGICAL  ANATOMY.    Third  edition,  th. 

ed.     In  one  large  anil  very  hanii*omeooi8Tovoiuine,wi' 


J 

ibuut  mrae 


re  Trom  originml  dnwufi. 


^uad'sdUTt,  -  -, 

Vtice  in  eilra  ololh,  S4  7S ;  leuther,  r&ised  baitda,  S5  2: 

The  very  rapid  (dvanns  in  ihe  Scicnoe  of  PaUiulogio]  Anslomy  during  the  Jul  few  ye«t»  li»T« 

I  .Nnilored  eiiaenliiii  alharotiKb  modiflcclion  af  liiie  work,  wilh  ■  view  of  moliing  it  a  cornscl  eipo- 

I   •— .  ..r  ,i,e  pn,nftn  mxe  of  ilio  »ubjecl.     Tho  very  e»re(ul  manner  in  which  this  latk  hu  been 

id,  nnd  Ihe  amount  of  allerslion  wbioli  it  has  undergone,  bave  enaliled  the  aulhor  la  wy  lb«i 

Ihe  many  changes  and  improveinentB  now  introduced,  the  work  mny  be  rc^rded  almi   ' 

treatise, ''  while  Ihe  efforlti  oTtbe  lulbiir  bave  been  tecondeJ  as  mganlt  Ihe  medu 

J  ■  fexeculinn  oT  the  votume,  rendering  il  one  of  the  handsomerl  prodnclioos  of  the  American  p 
['Avery  large  number  ofnew  and  beaulUul  original  iJluslrations  have  been  intnxluced,BUd  Ihe  « 
f 'fii»hopwl,  will  fully  maininin  the  repuiation  hitherto  enjoyed  by  it  of  a  complete  and  praclica. 
poaillon  of  ila  difficult  and  importaal  lubjecl. 


I  I  Mpowd  o1>]ut.  HIa  book  it  mod  adminblv  eal 
I  Mlaied  In  Bll  op  «  blaok  which  baa  long  bisa  felt  b 
I  *blat  in  thii  department  of  nedlol  lltentore,  tw 

m.  t/Mti.  Beimel,  Nov.  IS97. 


iruHlaad  careful  etndj. — Xi 


A   PRACTICAL    TRRATTSR   ON    THE    PTSRASES,    INJURIES,  AND 

MALFORMATIONS  OF  THE  irRINAHY  BLADDER.  THE  PROSTATE  GLAND,  AND 
THE  URETHRA.  Sei-ond  Edition,  reviaed  and  much  enlarged,  with  nne  hundred  and  e^hty- 
four  tllniilrolionii.  In  one  large  and  very  h»nd»ome  octavo  volume,  of  over  nine  hundred  Mgei. 
In  leaiher,  raiwd  band*,  M  25;  eitra  cloih.  U  75. 

Btm<ul(alueir>lhelDiKiLlHliuiiflrtheK<riiri>MI— 'loleav 

OntheapiieBnumnrihefintedUinnorthiiwork,  I  awtlin 
■he  lendlpg  Bniliih  u«fltiesl  roTitw  prcdictrd  Ibai  11  P'?"? 
wnald  bare  a  "  nrnnonfiit  place  m  the  IllemHiie  o( ,  »■'"■", 


■"^il'i?!!  '9  ** , 


i;^ 


imply  J^ol- 

i>«l  in  j'a'n^^e  which 


lata,  il  will  nriibiBlr  rematnMHDf  IM' 
iwnrki  on  tliii  inbieel  (o  long  *B  thea 
cine  ikall  axial.— fiuuw  JM.  mtd 


ofihewholsaubjMi,  anil  will  be  a  uicfnl  Uook  of  perauiultd  lliat  ita  peruufwill  aSind  thera'tnai 
refarcnoa-— flrilijA  mut  Fartign  Mtdiea-Ciiirurg.  praciiral  infcirniallnn  well  enareyed,  evidBatlvdi 
lt<eiiw.  rived  riDiDsonililcrableeinafieiice  add  Jedacadfni 

A  (■whlyTiilii(ibl,rl.i.i.ko(  reference  nnamoitim-  1  ■"  *•«>•<'  e"llB=li™  "f  i«eU.-D»M«  l^ufur. 
portanl  luhjtci  in  Ihe  praelliB  of  medicine.    We  1  /"raol,  May,  ISBl. 

BTTHiBAHBAtrruos.    (PrtfanHg.) 

A  SYSTEM  OF  SURGERY  ;  Diftgnostio,  Patholopcal,  Therapeutio,  uid  Qpaa- 
live.    With  very  numaruuBBngravingj  on  wood.  ^^^ 


k 


OLUQE  (GOTTLIEB),  M.  D., 

ProfcHor  of  Phyiinl.iny  and  Pallir.lnKieal  AnsKimy  In  the  Ualvei  ^^^ 

AN  ATLAS   OF   PATHOLOGICAL   HISTOLOGY.     Translated,  with  Notw 

uid  Addiliont,  by  JoBBru  Leidt,  M.  D.,  PrafeivDr  of  Analouiy  in  the  Unlverfiiy  ut  Pena»'y1i 
oia.  In  one  volume,  very  Urge  imperial  quarto,  extra  ulolh,  with  320  figures,  plain  and  n^on 
on  livelre  copperplates,    %'j  uO, 

OARDNFH'S  MEDICAL  CHKMI8TBY,  f.>r  Ihr  i 
,  ei.  clotlii  pp.  39S,  Willi  llluiLralloBa. 
BUGHBS'    CLINICAL    INTRUDVCTION    TO] 


THE  PHACTICE  OF  AUSCULTATION  AlfO 
OTHKR  MODS8  OP  PHYSICAL  DIASNOSIS, 
OPTHELUNQBANDRKART. 


AND   SCIENTIPIG   PUBLICATIONS.  17 

HOBLYN  (RICHARD  D.),  M.  D. 

A  DICTIONARY  OP  THE  TERMS  USED  IN  MEDICINE  AND  THE 

COLLATERAL  SCIENCES.  A  new  American  edition.  Reyited,  with  numeront  Additions, 
by  Isaac  Hats,  M.  D.,  editor  of  the  "  American  Journal  of  the  Medical  Sciences."  In  one  large 
royal  l2mo.  volume,  leather,  of  over  500  double  columned  pages.    $1  SO. 

If  the  frequency  with  which  we  have  referred  to 


tbia  volume  since  its  receotioD  from  the  publisher, 
two  or  three  weeks  mgo,  oe  any  criterion  for  the 


Hoblyn  has  always  been  a  favorite  dictionary,  and 
in  its  present  enlarged  und  improved  form  will  ^fve 
creater  satisfaction  than  ever.  The  American  editor, 


fu  tare,  the  bindina  will  soon  ha  veto  be  renewed,  even  Dr.  Hays,  has  made  many  very  valuable  additions, 
^ritb  eureful  handling.    We  find  that  Dr.  Havs  has  i  S.J.  Med.  Rep^rUr. 

done  the  profession  gr«t  service  by  his  careful  and  ,  ^o  supply  the  want  of  the  medical  reader  arising 
iBdnstrions  labors.  T'he  Dictionary  has  thus  become  ,  f„,^  ^^^\^  cause,  we  know  of  no  dictionary  better 
amiaently  Mitod  to  our  tnfdical  brethren  m  this  ,  arranged  and  adapted  than  the  one  bearing  the  above 
eoaatry .    The  additions  by  Dr.  Hajrs  are  In  brackets, ;  ^^^^^^ «»  n  j,  not  encumbered  with  the  obsolete  terms 


aad  we  believe  there  is  not  a  sinf  le  page  but  bears 
theae  insiitnia ;  in  every  instance  which  we  have  thus 
far  noticed,  the  additions  are  really  needed  and  ex- 
eeediacly  valuable.  We  heartily  commend  the  work 
to  all  wno  wish  to  be  a«  ennrmmt  in  medical  termi- 
*ology. — Bo$l9H  H*d.  mmd  Surg.  Journal. 

T<i  |N>th  practitioner  and  student^  we  recommend 


of  a  bygone  age,  but  it  contains  all  that  are  now  in 
use ;  embracing  every  department  of  medical  acienee 
down  to  the  very  latest  date.  The  volume  is  of  a 
convenient  sise  to  be  used  by  the  medical  student, 
and  yet  large  enough  to  make  a  respectable  appear- 
ance in  the  library  of  a  physician.— ir(rfi«m  Lancet. 

Hobljrn's  Dictionary  has  long  been  a  favorite  with 
this  dictionary  as  beiM  convenient  in  size,  accurate  |  us.    It  is  the  best  book  of  definitions  we  have,  and 
in  definition,  and  sufficiently  full  and  complete  for    ought  always  to  be  upon  the   student^  table- 
ordinary  consultation.— CAaf/«f lea  M*d.  Joum.  and  >  Soutktm  M*d.  and  Surg.  Journal. 
JUvicw.  1 


HOLLAND  (SIR   HENRY),    BART.,    M.  D.,  F.  R.  8., 

'    Physician  in  Ordinary  to  the  Queen  of  England,  Ac. 

MEDICAL  NOTES  AND  REFLECTIONS.     From  the  third  London  edition. 

In  one  handsome  octavo  volume,  extra  cloth.    S3  00. 

As  the  work  of  a  thoughtful  and  obiHsrvant  physician,  embodying  the  results  of  forty  years'  ac- 
tive profeshiooat  experience,  oh  topics  of  the  highei^t  interest,  this  volume  is  commended  to  the 
American  practitioner  a^  well  worthy  his  attention.  Few  will  ri^e  from  its  perusal  without  feel- 
ing their  convictions  strengthened,  and  armed  with  new  weapons  for  the  daily  struggle  with 
disease. 

HABER8HON  ^S.  O.),  M.  D., 
Assistant  Physician  to  and  Lecturer  on  Materia  Medica  and  Therapeutics  at  Guy's  Hospital,  Ac. 

PATHOLOGICAL  AND   PRACTICAL  OBSERVATIONS  ON  DISEASES 

OF  THE  ALIMENTARY  CANAL,  CESOPHAGUS,  STOMACH,  C-£CUM,  AND  INTES- 
TINES. With  illustrations  on  wood.  In  one  handsome  octavo  volume.  (Puiiitking  in  tk§ 
Mtdieal  News  and  Library  for  1858.) 


HORNER  (WILLIAM  E.),  M.  D., 
Professor  of  Anatomy  in  the  University  of  Pennsylvania. 

SPECIAL   ANATOMY    AND    HISTOLOGY.    Eighth  edition.     Extensively 

revised  and  modified.     In  two  largre  octavo  volumei«,  extra  cloth,  of  more  than  one  thoasand 
pages,  handsomely  printed,  with  over  three  hundred  illustrations.    $6  00. 

BY  THB  SAMB  AUTHOR. 

ANATOMICAL  ATLAS.      By  Professors  IIornee  and  Smith.      See  Smith, 

ppge  28. 

HAMILTON  (FRANK   H.),   M.  D., 
Profrsstir  of  Surgery,  in  Buflalo  Medical  College,  Ac. 

A  COMPLETE  TREATISE  ON  FRACTURES  AND  DISLOCATIONS.    In 

one  handsome  octavo  volume,  with  several  hundred  illustrations.     {Preparing.) 


JONES  (T.  WHARTON),  F.  R.  S., 

Professor  of  Ophthalmie  Medicine  and  Surgery  in  University  College,  London,  Ac. 

THE  PRINCIPLES  AND  PRACTICE  OF   OPHTHALMIC    MEDICINE 

AND  SURGERY.  With  one  hundred  and  ten  illuMrations.  Second  American  from  the  necond 
and  revised  London  edition,  with  additions b/  Edwahd  Hartshoenb,  M.  D.,  Surgeon  to  Wills' 
Ho>*pital,  dfc.     In  one  large,  handsome  royal  12mo.  volume,  extra  cloth,  of  500  pages.    $1  30. 

We  are  confident  tha*  the  reader  will   find,  on 
perasnl,  that  the  cxecntion  of  the  work  amplyfulfils 


the  promise  <»f  (he  preface,  and  sustains,  in  every 
point,  th^  already  hgh  repotatloii  of  the  author  as 
BB  ophthalmic  saigean  as  well  as  a  physiologist 
and  path<»logisC.  The  book  is  evidently  the  resnlt 
of  much  labor  aad  research,  aad  has  b«eB  written 
with  the  greatest  care  and  atteBtioa;  it  possesses 
that  best  quality  which  a  aeaeral  work,  like  a  sys- 
tem or  manual  can  show,  viz:  the  qaality  of  having  \ 
mil  the  mmterials  wbeaoMoewwr  derived,  ao  ihoroagh-  \ 


ly  wrriucht  up,  and  digested  in  the  author's  mind, 
as  to  come  forth  with  the  freshBeas  and  impressive- 
ness  of  an  original  producti<m.  We  entertain  little 
doubt  that  this  booa  will  beeome  what  its  author 
hoped  it  might  become,  a  maaaal  for  daily  refereaea 
aod  oonsultntioa  by  the  student  and  the  general  prae- 
titioner.  The  work  Is  marked  by  that  correctaeaa, 
clearness,  aad  precision  of  style  which  distiagaish 
all  the  productfoBs  of  the  learaad  aathot.— BH 
a«d  For.  MsA.  Raoiiw. 
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JONES  (C.  HANDFIELD),  F.  R.  8..  8l  EDWARD  H.  SIEVEKINQ,  M.D., 

Auiatent  PhyticUma  and  Lecturers  in  8t.  Mary*a  HotplUl,  London. 

A  MANUAL  OP  PATHOLOGICAL  ANATOMY.    First  American  Edition, 

Revised.    With  three  hundred  and  ninety-seven  handsome  wood  engravings.    In  one  large  and 
beautiful  octavo  volume  of  nearly  750  pages,  leather.    $3  75. 

As  a  concise  text-book,  containing,  in  a  condensed  present  condition  of  mitholo|fieal  anatomy •  la  this 
form,  a  complete  outline  of  what  is  known  in  the  they  have  been  completely  sucresafol.  Vbewnrkis 
dcmiain  of  rathological  Anat4>my,  it  is  perhaps  the  one  of  the  best  compilations  which  -w  have  evar 
best  work  in  the  Rnclish  languaae.  Its  great  merit 
consists  in  its  completeness  and  orevity,  and  in  this 
respect  it  supplies  a  great  desideratum  in  oar  lite- 
rature.  Heretofore  Ine  student  of  pathology  was 
obliged  to  glean  from  a  great  number  of  monographs, 
and  the  fiem  was  so  extensive  that  but  few  cultivated 
it  with  any  decree  of  saecess.  As  a  simple  work 
of  reference,  therefore,  it  is  of  great  value  to  the 
student  of  pathological  anatomy,  and  should  be  in 
every  physician's  libTHTy .—Wesum  Lancet 

In  offering  the  above  titled  work  to  the  public,  the 
authors  have  not  attempieJ  to  intrude  new  views  on 
their  professional  brethren,  I'ut  simply  to  lay  before 
them,  what  has  long  been  wanted,  an  outline  of  the 


pervaod. —Ckarttston  Medical  Jourmml  mmd  Rtnitw. 
We  urge  upon  our  readers  and  the  prof eaaiun gene- 
rally the  importance  of  informing  taemselvea  in  rc- 
gara  to  modem  views  of  piitbolugy ,  and  recinnmead 
to  them  to  procure  the  work  before  ns  as  the  best 
means  of  obtaining  this  information. — ScsfAoMsps. 

Prom  the  casual  examination  we  have  given  we 
are  inelintKi  to  regard  it  as  a  text-book,  plain,  ra- 
tional, and  intelligible,  aneh  a  book  aa  the  praetieal 
man  needs  for  daily  reference.  For  this  reaaoa  it 
will  be  likely  to  be  largely  asefnl,  aa  it  saita  itself 
to  those  busy  men  who  have  little  time  for  miaute 
investigation,  and  prefer  a  summarv  to  aa  elaborate 
tinatise.— i?«ifaio  M9dit€d  Jonmtu. 


KIRKE8  (WILLIAM  SENHOUSE),  M.  D., 
Demonstrator  of  Morbid  Anatcnny  at  8t.  Rartholoroew's  Hospital,  ice. 

A   MANUAL   OP   PHYSIOLOGY.      A  new  American,  l^om  the  third  and 

improved  London  edition.    With  two  hundred  illustrations.     In  one  large  and  handjMMne  royal 
12mo.  volume,  leather,    pp.  580.    $2  00.     {Ju&i  Issued,  1857.) 

In  again  passing  this  work  through  his  hands,  the  author  has  endeavored  to  render  it  a  correct 
exposition  of  the  present  condition  ol  the  science,  making  such  alterations  and  additions  as  have 
been  dictated  by  further  experience,  or  us  the  progress  of  Investigation  has  rendered  desirable.  In 
every  point  of  mechanical  execution  the  publishers  have  sought  to  make  it  superior  to  former  edi- 
tions, and  at  the  very  low  price  at  which  it  is  oflbred,  it  will  he  found  one  of  the  handsomest  and 
cheapest  volumes  before  the  profession. 

In  making  the:*e  improvements,  care  has  been  exercised  not  unduly  to  increase  its  site,  thtis 
maintaining  its  distinctive  characteristic  of  presenting  within  a  moderate  compass  a  clear  and  con- 
nected view  of  its  subjects,  sufficient  for  the  wants  ol*  the  student. 


This  is  a  new  and  very  much  improved  edition  of 
Dr.  Kirkes*  well-known  Handbook  of  Physiologv. 
Originally  constructed  on  the  basis  of  the  admirable 
treatise  of  Muller,  it  has  in  successive  editions  de- 
veloped itself  into  ao  almost  originnl  work,  though 
no  change  has  been  made  in  the  plan  or  arrangement. 
It  combines  conciaeness  with  completeness,  and  is, 
therefore,  admirably  adapted  for  consultation  bv  the 
busy*  practitioner. — Dublin  Quarterlf  Journal ,)? eh. 
1857. 

Its  excellence  is  in  its  compactness,  its  clearness, 
and  its  carefully  cited  authorities.  It  is  the  most 
convenient  of  text-books.  These  gentlemen,  Messrs 
Kirkesand  Paget,  have  really  an  immense  talent  for 
silence,  which  is  not  so  common  or  so  cheap  as  prat- 
ing people  fancy.  They  have  the  ffift  of  telling  us 
what  we  want  to  know,  without  tninkiug  it  neces- 
sary to  tell  us  all  they  know. — Boston  Med  and 
Surg.  Journal,  May  14,  1857. 


One  of  the  very  best  handbooks  of  Physiology  we 
possess 'preaen ting  just  such  aa  outline  of  the  sci- 
ence, comprising  an  account  of  its  leading  facts  aod 
generally  admitted  principles,  as  the  stndent  requires 
during  his  attendance  upon  a  course  of  lectures,  or 
for  rererence  whilst  preparing  for  examination  — 
Am.  Medical  Journal . 

We  need  only  say ,  that,  without  entering  into  dis- 
cussions of  unsettled  questions,  it  contains  all  the 
recent  improvements  in  this  department  of  medical 
science.  For  the  student  beginning  this  study,  sad 
the  practitioner  who  has  but  leisure  to  refreaa  Sis 
memory,  this  b4M>k  is  invaluable,  as  it  contaias  all 
that  it  is  important  to  know,  without  special  details, 
which  are  read  with  interest  only  by  those  who 
would  make  a  specialty,  or  desire  to  possess  a  criti- 
cal  knowledge  of  the  subject. — Charleston  Medical 
Journal, 


KNAPP'S  TECHNOLOGY:  or,  Chemistry  applied 
to  the  Arts  and  to  Manufactures.  Kdited,  with 
numerous  Notes  and  Additions,  by  Dr.  EnMVTiD 
Ronalds  and  Dr.  Thomas  Richardson.    First 


American  edition,  with  Notes  and  AdditionsJtty 
Prof.  Waltkr  R.  Johnson.  In  two  handsale 
octavo  volumes,  extra  cloth,  with  about  500  wood- 
engravings.    96  no. 


LUDLOW  (J.  L.)»  M.  D. 
A  MANUAL   OF    EXAMINATIONS  upon   Anatomy,   Physiology,    Surgerr, 

Pract  ice  of  Medicine,  Ob.-tetric.H,  Materia  Medica,  Chemistry,  Pharmacy,  and  Therapeutics.  To 
which  is  added  a  Medical  ForiiiiilHry.  Dei^igned  for  Students  of  Medicine  throughout  the  United 
State**.  Third  edition,  thoroughly  revised  and  greatly  extended  and  enlarged.  With  three 
hundred  and  t^eventy  illustrations.  In  one  large  and  handsome  royal  12mo.  volume,  leather,  of 
over  800  closely  printed  pages      (Jujft  Issued!)    $2  50. 

The  frreat  popularity  of  this  volume,  and  the  numeroui*  demands  for  it  during  the  two  years  m  which 
it  hu^  been  out  ul  print,  have  induced  the  author  in  its  revision  to  spare  no  painn  to  render  it  a 
correct  and  accurate  digest  of  the  moM  recent  condition  of  all  the  branches  of  medical  science.  In 
many  re:<pecl8  it  may,  therefore,  be  regarded  rather  as  a  new  book  than  a  new  edition,  an  entire 
section  on  Physiology  having  been  added,  as  also  one  on  Organic  Chemistry,  and  many  portions 
having  been  rewritten.  A  very  complete  series  of  illustrations  has  been  introduced,  and  every 
care  has  been  taken  in  the  mechanical  execution  to  render  it  a  convenient  and  satisfactory  book  for 
study  or  reference. 

The  arrangement  of  the  volume  in  the  form  of  question  and  answer  renders  it  especially  sailed 
for  the  odice  examination  of  students  and  for  those  preparing  for  graduation. 


We  know  of  no  better  companion  for  the  student 
during  the  hours  spent  in  the  lecture  room,  or  to  re- 
fresh, at  a  glance,  his  memory  of  the  vaiiuus  topics 


f  rammed  into  his  head  by  the  various  professors  to 
whiim  he  is  compelled  to  listen. — Wesum  Leimeit, 
May,  1857. 
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LEHMANN   (C.  Q.) 
PHTSIOLOOICAL   CHEMISTRY.     Translated  from  the  second  edition  by 

Gboeor  E.  Day,  M.  D.,  F.  R.  S.,  &-«.,  edited  by  R.  E.  Rookks,  M.  D.,  Profe«Mr  of  Cbemiytry 
in  the  Medical  Department  of  the  [Jniveivity  of  Pennnylvania,  with  illustrations  selected  from 
Fuiike'it  Atlas  of  PnysiologioEd  Cbemititry»  and  an  Appendix  of  plates.  Complete  in  two  lar^e 
and  handsome  octavo  volumes,  extra  doth,  containing  1200  pages,  with  nearly  two  hundred  illas- 
tration>«.    $6  00. 

This  great  work,  universally  acknowledged  as  the  most  complete  and  authoritative  exposition  of 
tlie  principles  and  details  of  Zoochemistry,  in  its  passa^  through  the  press,  has  received  from 
Prore!*sor  Rogers  such  care  as  was  necessary  to  prevent  it  in  a  correct  and  reliable  form.  To  such 
a  work  additions  were  deeraNN)  superfluous,  but  several  years  having  elapMid  between  the  appear- 
an'v  in  Grermany  of  the  first  and  lant  volume,  the  latter  contained  a  supplement,  embodying  nume- 
rous corrections  and  additions  resulting  from  the  advance  of  the  science  These  have  all  been  incor- 
porated in  the  text  in  their  appropriate  places,  while  the  fubjects  hove  been  still  furtner  elucidated  by 
the  insertion  of  illustrationn  from  the  Atla.^of  Dr.  OitoFunke.  With  the  view  of  supplying  the  student 
with  the  means  of  convenient  compori>«on,  a  large  number  of  woodHHits,  from  works  on  kindred 
aubjects,  have  also  been  added  in  the  form  of  an  Appendix  of  Plates.  The  work  is,  therefore,  pre* 
aeated  as  in  every  way  worthy  the  attention  of  all  who  desire  to  be  familiar  with  the  modem  facts 
wid  doctrines  of  Physiological  Science. 

The  most  important  contribation  ns  yet  made  to  I  it  treats. — Sdiuiurgk  Mtuklf  Journal  ^  Mtditmi 
Phyaiologicsl  Chemistry. — Am.  Journal  Mtd.  Set-  {  Scienct. 
onetij  Jan.  1856.  1     Already  well  known  and  appreeiated  hy  the  srien- 

The  prt'sent  volumes  belong  to  the  amall  elass  nf  ti6e  world,  Professor  Lehmann's  great  work  re- 
mediml  literature  which  compriaea  elaborate  worki  '  quires  no  laudatory  sentences,  as.  under  a  new  garb, 
of  the  highest  order  of  merit. — Mtontrtol  Mtd.  Ckron-  1  it  is  now  presented  to  us.  The  little  space  at  our 
ieltf  Jan.  IBM.  |  command  would  ill  suffice  to  set  forth  even  a  small 

The  work  of  liehmann  standa  unrivalled  as  the    portion  of  iU  ezeellenees.^^MlMi  Msd.  aad  Surg, 
moat  comprehensive  bo«»k  n(  reference  and  informa-    Joumalf  Doc.  leSo. 
tion  extant  on  every  branch  of  the  subject  on  which 

BY  THB  8AMB  AUTHOR.      {Just  ItSUed.) 

MANUAL  OF  CHEMICAL   PHYSIOLOGY.      Translated  from  the  German, 

with  Notes  and  Additions,  by  J.  Chbston  Morris,  M.  D.,  with  an  Introductory  Essay  on  Vital 
Force,  by  Samuel  Jackson,  M.  D.,  Prulessor  of  the  Institutes  of  Medicine  in  the  University  of 
Penn^yIvania.  With  illustrations  00  wood.  In  one  very  handsonte  octavo  volume,  extra clothi 
of  336  pages.    $2  25. 

Fren  Frvf.  JaektorCi  Iniroduetory  Btfoy. 

In  adopting  the  handbook  of  Dr  Lehmann  as  a  mMHual  of  Organic  Chemistry  for  the  use  of  the 
•tudents  of  the  University,  and  in  recommending  his  original  work  of  Physiological  Chcmistrt 
for  their  more  mature  studies,  the  high  value  of  bis  researches  and  the  great  weigbt  of  his  autho- 
rity in  that  important  department  of  medical  science  are  fully  recognized. 

LAWRENCE  (W.),  F.  R.  S.,  8i,e. 

A  TREATISE   ON   DISEASES   OP   THE   EYE.    A    new  edition,  edited, 

with  numerous  additions,  and  243  illustrations,  by  Isaac  Hays,  M.  D.,  Surgeon  to  Will's  Hospi- 
tal, Arc.  In  one  very  large  and  handsome  octavo  volume,  oi  950  pages,  strongly  bound  in  leather 
with  raised  bands.    $5  00. 

This  sdralmble  treatise- the  ssfestauide  and  mnflt  I  likely  that  this  great  work  will  eease  to  merit  the 
oomprehentive  work  of  reference,  which  is  within  ecmfideaee  and  preference  of  students  or  pnietltion- 
the  reach  of  tljeprofes8if>n. — Sutko$copo.  1  irm.     lu  ample  extent— nearly  one  thooannH  large 

!  oeuvo  pages—  Has  enabled  t>otti  autkor  and  editor  to 

This  sUndard  text-book  on  the  department  of ,  do  justice  to  all  the  details  of  this  subject,  and  eoa- 
whieh  It  ireata,  has  not  been  snperarded,  by  any  or  '  dense  in  this  single  volume  the  present  state  of  our 
all  of  the  numerous  puhlicatifma  on  the  subject  1  knowledge  of  the  whole  science  in  this  department, 
heretofore  iitued.  Nor  with  the  multiplied  improve-  '  whereby  its  practical  value  cannot  be  exeelled.— iV. 
menta  of  Dr.  Hays,  the  Ameriean  editor,  is  it  at  all  >  Y.  Med.  Oax. 


LAYCOCK  (THOMAS),  M.  D.,  F.  R.  8.  E.» 

Professor  of  Practical  and  Clinical  Medieine  in  the  University  of  Edinbargh,  he. 

LECTURKS    ON   THE    PRINCIPLES    AND   METHODS    OF   MEDICAL 

OBSERVATION  AND  RESEARCH.  For  the  Use  of  Advanced  Students  and  Junior  Prac- 
titioners.   In  one  very  neat  royal  12mo.  volume,  extra  cloth.  Price  $1  00. 

LALLEMAND  AND  WILSON. 

A    PRACTICAL    TREAT[SE    ON    THE    CAUSES,    SYMPTOMS,    AND 

TREATMENT  OF  SPERMATORRUGBA.     Ky  M.  Lallbmand.    Translated  and  edited  by 

HiNBT  J  McDovttALL.     Third  American  edition.    To  which  is  added ON  DISEASES 

OF  THE  VESICITL^E  SEMINALES;  a hd  their  associatkd  oroans.  Wiih  sp»»ci8l  r'ler- 
ence  to  tIh;  Morbid  Secretiont*  of  the  Prostatic  and  Urethral  Mucous  Membrane.  By  Marris 
WiLV)?r,  M.  D.     In  one  neat  octavo  volume,  of  about  400  pp.,  extra  cloth.  $2  00.  {Now  RMiiy.) 

Although  the  views  ot  M.  Lallemand  on  Sperroatorrhcea  hsve  unquestionably  exercii^  a  very 
great  influence,  and  the  treatntent  advocated  by  him  has  been  very  generally  adopted,  still,  a  num- 
ber of  years  having  elapsed  rince  his  work  was  given  to  the  world,  the  publishers  have  thought  that 
the  value  of  the  present  edition  would  be  enhanced  by  the  addition  of  'he  little  tieatice  of  Dr. 
Mariis  Wilson.  In  it  the  i-ausrs  of  the  different  varieties  of  SpermatorrhcEa  are  investigated  with 
the  aid  of  modern  pathology,  from  which,  combined  with  the  most  recent  experience  of  the  pro- 
fession, the  attempt  is  maile  to  deduce  a  rational  svstem  of  curative  treatment.  Whatever  defi- 
ciencies may  have  been  caused  in  the  work  of  M.  LaUemandLb^  \bia  vt^xV^**^  ^  tBft^C9i^^>K«iK»<^'^ 
it  is  hoped,  he  in  tbiu  manaer  aupplied. 


BLANCHARD  &  LEA'S  MEDICAL 


«  nt  utodeiB   tlmei, 
lUhif  in  cwr  DDHtry 


tiOBHiii  lliit  il  ii  iniat«/wfu>  Muecly  tailsi  luo- 
MUinwIhuUiinyDrrartrraafiasui  (hit  IbirE 
i>  vul  rniachlaf  ilmc  br  ifiBomit  pnt«iil«i  to  ksow- 
ladgilD  rtimrd  I(ithadiK(H,UWiatlEWor  tliapm- 
bibility  lhs[  ■  nujnrity  nt  •omhern  phyaieltu  wkll 


orihxtiy—arun.cnnpltile.iiit 
anuunlled  tiy  mny  ntlt«r  upon  t 
ieetorVeilowFeyet.   Thdiib 


■■  Plolh.     17  01 

li.u*  rcHiirch  (o.l  carcf 


LA    ROCHE  (H.),   M.  D.,  &.C. 
YELl-OW  FEVEH,  ooneiJered  In  ita   Hialorical,  Patholngioal,  Btiolfi^«i1,  and 

Thornprulicil  Relations.     Winding  ■  Skelcti  of  Ihe  Ui'i'B'e  t'  il  hoe  nvriirrHl  in  PhiladFlpliii 

(he  i<Bine  noine  in  oilier  paria  of  lempnraiF  u  well  »  in  Iropiisl  regioiu      In   Iwo  IwgB  ■ 

IwniKMneoclMOTOluinHBiir newly  1500  p^geit, 1-..      —--  ■ 

Fftm  PrtftiiCT  B.  H.  Ditktn,  CkarUnim,  S.  C, 
Si*>HM»<t  )8,  IBU. 

A  m'UKitnrnl  >>(  intclliFcal  ■nd  w>ll  (pp!l«d  ts- 
■nreh,  iiliniwt  wilboui  EiHniple,  li  i>,  iDdEsd,  in 
Itwir,  ■  lirga  library,  uid  ii  Jxlioed  I'l  cuaatitnie 
tb(  ipMinl  rnnri  «■  m  book  or  ntereaet.  \a  ih« 
Mbjiwt  flf  wbieh  11  irsau,  to  ill  future  time. 

W*  h*ni  Bi>l  liiBB  ■(  preuBl,  «i|tiKed  *■  we  Bre, 
by  dv  Bnil  by  siitbt,  in  the  work  n{  e-<nibiiiii|r  ')<'■ 
rwy  dlwnuB,  biiw  preTallUu  la  oui  eity,  to  do  nots 
■Mb  Bive  tliii  earaury  BDtieeof  wbal  we  eoaaEdM 

publleuttiiB  twr  couatry  baa  yet  pTodnead  But  la 
Tlownf  the  itartlin*  fact,  Ibi--'—  " 


TbauBBiaiawlBoltolBtBblpafUilBvrtalpbyaialBa 

crcetlini  iiT  Ibl*  towpri 
BBdl.'II.B.lorj'ortb. 
eoanlry.    Ili>dHliB< 
city  npon  lh«  nblael  uf  YbIIo 
aad  (AyiieiBB  wiiJ  Bad  la  II 


llia  awratBtniKgewhlcli  tbey  Hirlaboniely  diteai* 
Tba  Btyla  iaai'aiiftiuidBD  puia  aa  Hi  rMrtah  and  la- 

vig.iralB  Ike  mied  whito  aUntblaf  Lhe  -hnagliti  iiT 

Beaded ia  briBrlBi'lbaextMBBlalalaanioat  rtllcllwu 
(iKrmnny  wiib  lEa  iaiplntioa  ibBi  dwell*  wiibla, 
Tina  II  all  IB  all.  ii  iia  b->nk  we  Dare  ofMndrenawd 
■if,  hat  dreamed  aul  thai  it  winild  enr  m«t  ear 
waklncryeBaKtaBBlMBreBUty — /fmnKnlU  Jmruml 
0/  mdicitu- 

Di.  LbShIib  ibaBld  bave  been  lined  fnunckcpnaa 
at  thia  sarlisalar  lime.  Th>  waBI  nf  a  rvllahl*  ill- 
gr,u  nt  III  that  It  konwn  in  nbitiun  to  ihii  fcifktfal 

Ml  IB  lbs  w^r*   beTi'te  bi.     We  derm  ]|  bal  fiilBI 


PNEUMONIA ;  its  Supposed  Connectiou,  Pathological  and  Etiolngioal,  with  Ati- 

lumaul  Fever-,  inciuiling  Bn  Inquiry  inio  iho  ExiiJOH*  and  Miicbid  Agency  of  Malana.     la  one 
tauidwHie  ocuvu  volume,  eiira  clnib,  uf.'iOO  pagea.    •»  00. 

MILLER  IHENRV),  M.  D,, 

PRINcfpLES  AND 'pRACtToE  Of'oBSTETRICS,  &o°'"ibc[uding 'I'ho  Treat- 

msDI  ol'  Cbronlo  InfiBmination  of  (be  fJervia  and  Bcxly  of  Itae  Uleme  cunsidnvd  a*  a  rrrqurnl 

tnirov.ilume,  oro*ver600p«gHs.     (/VowRiur^y.)     S3  7S. 

The  Kpuiatian  or  Dr.  Miller  is  an  ob-neiririan  ia  loo  widely  fprend  lo  require  lhe  aTieBtKin  ot 
Ibe  prorapaicm  lo  be  apeoiBlly  called  to  a  volume  coiilalaingibe  eiperiennt  or  tain  long  anil  ea'enrifc 
prBDiioe.  Tbe  very  iavoralile  tecepium  acBordeH  lo  bis  "Trraiiiia  on  Human  Parlurilidn,"  iafonl 
some  yean  •inee,  Is  an  CBrnd  ihal  tbe  prewnl  work  will  fiilfil  lhe  author'*  inlmlicm  of  providing 
Willlin  ■  modrmie  compass  a  i^nmpleie  *ni1  Iruslvnrlhy  lexl-boob  Tor  the  student,  and  bixtk  of  re- 
ference fur  the  practitioner.  Ilajwd  to  a  certain  eileni  upon  Ibe  Toriner  work,  but  enlarged  lo  nuue 
Ihan  double  in  tise,  and  almost  wholly  rowritteii,  i(  preient*,  bosideB  the  matured  eiperienoe  ot 
lhe  lulbor,  Ibe  luoti  recent  views  and  invaftigaliunB  uf  modern  ohiletric  wrilers,  fucb  aa  Uuams, 
CiZRAim,  Simpson,  Tvler  Smith,  dec.  Ihii*  embodying  lhe  results  not  only-  of  tbe  Amerma, 
but  alwortbe  Pari-,  lhe  London,  and  lhe  Edinburgh  ub!<telriCMih.K>lf.  Tbeauibor'spcwtliiin  lbr» 
iiiiuiy  years  as  a  leacber  of  hi-,  favorite  bruncb,  hD»  uiven  him  a  faniiliariiy  with  the  want*  of  rtn- 
dents  and  a  facility  of  conveying  inBlrudion,  whicli  cannot  tbil  lo  rewter  Itae  vidume  eniuoilly 
adapled  to  Ha  purposes. 

We  cnnfraldlita  Ibe  aulhoc  that  IIid  laik  U  doaa. 
Wo  annirBiBlBie  him  that  hn  haagtreB  to  the  medi- 
cal pDlillr  *  work  vbidli  will  aeoura  for  bin  a  High 
and  pariDBBrat  poaitlini  ammig  tbe  itaDdnrd  authiK 
ritlemn  Ua  prioeiptea  and  praeileB  of  obaielrlDB, 
CaadrsiBlBiliiBBBraflol  le^adue  to  tbe  nadical  pro- 
faiBloa  i)f  thIa  enoBiry,  do  tha  BujiilBitiiia  i<f  a  tr«- 
tiae  ainlMidj-in(  tbe  reaull 


Is  thia 


iiruenf  Prof.  Miller.    I 


,._ oloa.    Engaged  for  thlriy- 

Eve  years  In  as  bii*diM  praaliee  uf  ubstelFlci,  fur 
MBBy  years  a  leaebar  of  tbia  brancb  uf  Inslcuclliin 
la  one  ot  tba  UrgesI  of  oar  inalilBIIOflB,  a  dlliEsol 
Bludeotss  wall  aaa  oarefiit  obaaivet,  aa  'irigianl  nnU 
iadaiMiutEut  tbiaker,  wedded   !>■  no  hiitibiea,  ev<r 

toadnptinonvaimailftheynierEHlly  Imprnvfinentij 

iraatiHf^m\iitmcX™o'rJ[''inpni<pHrV"; 
value.  REturalBg  to  Pcuf.  Miller'!  work  wsliave 
onlytuaild  Ibal  wehona  most  alnrarelyit  will  ba  ib 
Ibe  liund.  iifEvery  rssding  aad  thinking  pritclili.«irr 
of  Ibis  fluUBtry Buffala  Uti  Jauntal,  Mar,  lesa. 


Jliy  entitle  il.    "Aii  al;1* 

|e«liBdleoaa*adBBdelU''idaM4witb  dui  Tf«ard  (a 
ttipraDlfcBl  bearlniiB,  wblebMBDOlfall  In  iMteil 
BaeepUble  mi  valqattle  to  bntb  Kadeata  aad  pnc- 
tilloacra.  We  eaBaul,  hrwaTer,  cli-ae  Ibis  brief 
BiiliM  wilboui  tDDgmtDlsliag  the  euilixr  Bad  ike 
profasilga  im  Iha  prnduetiun  of  aneh  aa  eiiellut 
■rsaliia.  The  author  laa  we^m  man  ofwlinnwe 
fail  pmnd,  and  wi  nanaai  bal  think  thai  kit  book 

nri.—TktCiiuiiMtit  i.McfI«wl  Otuntr.  Feb  IBSO. 

hiiiaa  madieallltBralare,  and  one  rcfleeliBg  eredll 

alike  na  tbe  aatbut  aad  Ike  inatilDtiua  hi  waiek  b* 
1>  altBchod.    Tha  aladeoi  wjU  Ind  is  Ibis  work  a 
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MEIQ8  (CHARLE8  D.),  M.  D., 
PfofcMor  of  Obstetriea,  fte.  ia  the  Jeflergon  Medietl  Collefe,  Pkilad«lpkU. 

OBSTETRICS :  THE  SCIENCE  AND  THE  ART.    Third  edition,  ravifled 

and  improved.   With  one  hnndred  and  twenty-nine  illnftrationn.  In  one  benutifoUy  printed  octaTo 
▼oliune,  leather,  of  wyen  hundred  and  fifty-two  large  pages.    S3  75. 

The  rapid  demand  for  another  edition  of  this  work  is  a  sufficient  expression  of  the  farorable 
▼erdict  or  the  profession.  In  thus  preparing  it  a  third  time  for  the  press,  toe  author  has  endeayored 
to  render  it  in  every  respect  worthy  of  the  favor  which  it  has  received.  To  accomplish  this  he 
has  thoroughly  revis^ed  it  in  every  part.  Some  portions  have  been  rewritten,  others  added,  new 
illustrations  have  been  in  many  instances  substituted  for  such  as  were  not  deemed  sat  in  factory, 
awhile,  by  an  alteration  in  the  typographical  arran^ment,  the  size  of  the  work  has  not  been  increased, 
and  the  price  remains  unaltered.  In  its  present  improved  form,  it  is,  therefore,  hoped  that  the  work 
will  continue  to  meet  the  wants  of  the  American  profession  as  a  sound,  practical,  and  extended 
Ststbm  of  MinwlFSET. 


llioagh  the  work  has  received  only  five  pages  of 
eBtsrgement,  its  chapters  throughout  wear  the  im- 
press of  careful  revisioB.  Ezpuaging  and  rewriting, 
remodelling  ita  sentences,  with  occasional  new  ma> 
terial,  all  evince  a  lively  deaire  that  it  shall  deserve 
to  be  regarded  as  impnkved  in  man$ur  aa  well  as 
mmlttr.  In  the  wtamr^  every  stroke  of  the  pen  has 
increased  the  valoe  of  the  l>ook,  both  in  expnngiaga 
•ad  additions  ^Wt»^m  Lanettf  Jan.  1857. 


The  best  American  work  on  Midwifery  that  is 
aecessible  to  the  student  and  practitioner— -iV.  W. 
Med.  amd  Surg.  Joumalf  Jan.  1857. 

This  is  a  standard  work  by  a  araat  Araeriean  Ob- 
atetrician.  It  ia  the  third  and  last  edition,  and,  in 
the  largnage  of  the  preface,  the  author  haa  "Drought 
the  aobject  up  to  the  lateat  dates  of  real  improve- 
ment in  our  art  and  Science.'* — Nask^UU  /earn,  o/ 
Mtd.  and  Surg.,  May,  1857. 


BT  THX  SAMS  AUTHOft.     (Lotelp  Uwtd.) 

WOMAN :  HER  DISEASES  AND  THEIR  REMEDIES.    A  Scries  of  Leo- 

tares  to  his  Class.    Third  and  Improved  edition.    In  one  large  and  beaatifiiUy  printed  octavo 
volimne,  leather.        pp.  672.    $3  60. 

The  gratifying  appreciation  of  his  labors,  aa  evinced  by  the  exhaustion  of  two  large  impresaioas 
of  this  work  within  a  few  years,  has  not  been  lost  upon  the  author,  who  has  endeavored  in  every 
way  to  render  it  worthy  of  the  favor  with  which  it  has  been  received.  The  opportunity  thus 
afforded  for  a  second  revision  has  been  improved,  and  the  work  is  now  presented  as  in  every  way 
aaperior  to  its  predecessors,  additions  and  alterations  having  been  made  whenever  the  advance  of 
noience  has  rendered  them  desirable.  The  typographical  execution  oi  the  work  will  also  be  foimd 
to  have  undergone  a  similar  improvement,  and  the  work  is  now  oonfidentty  presented  as  in  every 
way  worthy  the  position  it  has  acquired  as  the  standard  American  text-book  on  the  Diseases  of 
Females. 

saeh  bold  relief,  as  to  prodnee  distiaet  impressloas 
npoB  the  mind  and  memory  of  the  reader.  »7%s 
CkarU»t9m  Med.  Journal. 


It  eoatalaa  a  vaat  amount  of  practical  knowledge, 
by  one  who  haa  accurately  obaerved  and  retained 
the  experience  of  many  years,  and  who  tells  the  re- 
anlt  in  a  free,  familiar,  and  pleasant  manner. — Dub' 
tin  Quarterly  Journal. 

There  is  an  otT-hand  fervor,  a  flow,  and  a  warm- 
heartedness infecting  the  etTirt  of  Dr.  Meigs,  which 
la  entirely  captivating,  and  which  ahaolntely  hur- 
riea  the  reader  through  from  beginning  to  endf.  Be- 
sidea,  the  book  teema  with  solid  inatruction,  and 
it  ahowa  the  very  higheat  evidence  of  ability,  vis., 
the  clearaeaa  with  which  the  information  is  pre- 
■eated.  We  know  of  ao  better  teat  of  one's  ander- 
atanding  a  subject  than  the  evidence  of  the  power 
c€  lucidly  explaining  it.  The  moat  elemenUry.  as 
^rell  as  the  obscureat  subjects,  under  the  pencil  of 
Prof.  Meigi,  are  isolated  and  made  to  atand  out  in 

BT  THX  8AMK  AtTTHOB. 

ON    THE    NATURE,    SIGNS,    AND    TREATMENT    OF    CHILDBED 

FEVER.    In  a  Series  of  Letters  addressed  to  the  Students  of  liis  Class.    In  one  handsome 
octavo  volume,  extra  cloth,  o(  365  pages.    $2  50. 

The  iastrnctive  and  interesting  author  of  this 
work,  whoae  previoua  labori  in  tne  department  of 
anedicine  which  he  ao  aednloualy  cultivates,  have 
placed  hia  countrymen  under  deep  and  abiding  obli- 
ntiona,  again  challengea  their  admiration  in  the 
iresh  and  vigorous,  attractive  and  racy  pagea  before 
aa.    It  is  a  delecuble  book.  •    •    •  Thia  treatiae 


Profeaaor  Meiga  hat  enlarged  and  amended  this 
great  work,  for  sneh  it  unqaestionably  ia,  having 
paaaed  the  ordeal  of  eritieiam  at  home  and  abroad, 
but  been  improved  thereby ;  for  in  this  new  edition 
the  author  haa  introdaced  real  improveroenta,  and 
increaaed  the  value  and  utility  of  the  book  im- 
measurably. It  preaenta  ao  many  novel,  bright, 
and  aparkling  thoughta;  auch  an  exuberance  of  new 
ideaa  on  almost  every  page,  that  we  confess  our- 
selves to  have  become  enamored  with  the  book 
and  its  author ;  and  caanot  withhold  our  eoagrata- 
lati<ms  from  our  Philadelphia  confrerea,  that  auch  a 
teacher  ia  ia  their  aerviee. — N.  Y.  Med.  Oamette. 


vpoB  child-bed  fevera  will  have  an  extensive  aale, 
being  destined,  aa  it  deaervea,  to  find  a  place  in  the 
library  of  every  practitioner  who  acoma  to  lag  in  the 
nar.-^Nask9iUe  Journal  of  Medicine  and  Surgery. 


This  book  will  add  snore  to  bis  fame  than  either 
of  those  which  bear  his  name.  Indeed  we  doubt 
whether  any  material  improvement  will  be  made  oa 
the  teachings  of  this  v<ilume  for  a  century  to  come, 
since  it  is  so  eminently  practical,  and  baaed  on  pro- 
found knowledire  of  the  eeitnte  and  consummate 
skill  ia  the  art  of  healing,  and  ratified  bj  an  ample 
and  extenaive  experience,  auch  as  few  men  liave  the 
industry  or  good  fortune  to  acquire.— >i\r.  Y.  Med, 
Gazette. 


BT  THB  8AMB  AUTHOR  ;  WITH  OOLOBBD  PLATXS. 

A  TREATISE  ON  ACUTE  AND  CHRONIC  DISEASES  OF  THE  NECK 

OF  THE  UTEKUS.    With  numerous  plates,  drawn  and  colored  firom  nature  in  tbe  highest 
style  ol  art.    In  one  handsome  octavo  volume,  extra  cloth.    $4  50. 

MAYNR'S  DI9PEN8ATORY  AND  THERA- 
PEUTICAL REMEMBRANCER.  Comprisiag 
the  eatire  lists  of  Materia  Mediea,  with  every 
Practical  Formula  contained  in  the  three  Britisn 
Fharmaeopmias.  Edited,  with  the  addition  of  the 
Formul«  of  the  U.  8.  Pliarmaeopmia,  by  R.  E. 
OmswwjTK, A7. D.  1  ISao.  rol,  ex. el.,300 pp.  7S  e. 


BIALOAIONE'8  OPERATIVE  SURGERY,  »«.^ 

on  Normal  and  Pathological  Anatomy.  Traaa- 
lated  from  the  French  By  FEsntaicK  Bbittah, 
A.B.,M.D.  With  Bumerouaillustrationa on  wood. 
In  one  handsome  ocuvo  volume,  extra  eioth^  of 
nearly  six  kunditA  VH*^* 


BLANUHA.KD  A  LEA'S  MEDICAL 

MACLISE   IJOSEPH),    SURGEON. 
SURGICAL   ANATOMY.     Forming   one  volume,   very  Ui^  imperial  aaajto. 

Wjth -ixiy-eighi  I  sr^  dud  splendid  Plole-,  dras»n  in  I  he  hrsl  slyle  aiid  be»urifii!iy(ioI(irai,    C«»- 
runin;  onr  liunilreil  Bni)  ninety  Fif'nivs.  m»ny  of  Ihiini  ihe  hk  of  life-     TiHWiher  wii 
■nil  eipliinBIory  leller-presa.     Sirnngly  anil  buiidfiimely  buund  in  txin  <:ln)h,  beiog  o 
«lmp«'iand  be»teiecuied  Surgical  «n>rke  Hsyei  iMUed  ia  thiapauntry,    tU  00. 
*.'  The  -UM  of  thin  warli  prevtaw  lUt  tnnamiwion  Ihrough  Ibe  poal.nffloe  u  ■ 

rbii  iterira  in  have  coptea  forwarded  by  raail,  can  recokve  ihem  in  five  parti,  done  up  in 

mpperL     Price  »9  00. 

I   IB  iarrint' A^any^B 

,    we  )»V'Di>tl>iifiiM'' Ud 
'    MliHMlSiircicalJiiiinul. 

The  miw  lulninble  Mitiiiai  altaawi. 

To  [he  pmctitliHier  depTiTcd  n[  dim usiun life  dia-  To  all  uigagcil  la  Uib  aladv  or  piaeti 
nctiuoa  iiDDD  iKe  hanwn  ■ubieet,  il  I*  as  ioiatuable  proTeiainD,  lueh  ■  wiirli  it  nfmnil  lAdln 
mtmfUBim^It.J.ttiditmlRiparUT.  l>«Mm<}i>aTli'ly  M«((»'  ' 

lantry  pracll[|'>lieri  n . 

•e  nlac-nr.  r.  Midictl  e«<iM. 
'e  are  ailnnaly  f^ral 
HlV.i™i«"'  ""*  '""'  *"  *"""■"  """"" 

'     ■  ■trlRB.^J^UrfjtMa  MflcUdWl  Jdknial.  |  '■iinJ,    in-bii    lui 


■Olarad  plgtaa  m  have  ever  imd  la  an  Amriici 

■■"<-    -iDf  i>r  the  bait  and  nbrapeal  iBrgical  wur] 

hliilied.— SajTola  Ktilital  Jaanul 

I  elegantly  printed,  ao  w* 


ttmoilnHwIheriindlhi 


naiek  IllhugraphU  III 


.  .  1.1  to  uaefnl  a  worli,  i.  ..(Ttrrd  at  an  I  ""•j  ' 
a  prlea.-.rU'bima  JWiiUmI  Jamnul.         \  Z'J'^L 


fwrt,  lur  n((iect  ni 

n  (inn, — Haiua    arlM,  anil  wtiieti  tF(|nlre  ItaeinetentaBeDntenanand 

I  of  mlnateanaii-Biealkaairleiln,  a  work  nf  ikiatM 

urIiH  haa  pmH-  I  keep!  the  deWlla  nl  the  diHarliag-nHn  peipelaally 

•iV>  Mtiiew-Cki-    riHh  la  itomcoi-ry  —Tki  WimrmJ-iraalt/  lb*f 

'  The  Terjr  low  price  at  which  this  work  in  funuahed.  artd  the  beauty  al'ita  aieeolion, 
nquire  an  exteuded  sale  ta  compeuBnte  tli?  pnhliBbera  for  the  heov;  eipeuees  iuctureiL 

MORLAND  (W.  W.J,  M.  D. 
A  TREATrSE  ON  THK  DISEASES  OF  THE  UBISAKY  ORGANS.     U 

lUrjidi/  in  Aiigiui.) 


\e  volume,  Svo., 


MOHR(FnANCIS),  PH.  D.,  AND  REDWOOD  ITHE0PH1LUSI. 
PRACTICAI,    PHARMACY.     Comprising  the  Arrangements,  Apparstus,  and 

..__,......        ,..      «.  .  «,  .  .  R        .    ,^      Edited,  wilh eileniuve  Addllion^ 

e  of  Pbnrmiey.    Id  one  tiarHlMinieljr 
:r  300  ungravinf*  on  wood.     92  TSl 


--       ,.-     _...,.  and  Uliurai 

by  Pn.r.  W[ij.taM  Pboctcr,  oI  Ibe  Philadelphia  Colli 
printed  oelavo  volume,  eitta  ptoth,  «(  S70  pugen.  Willi  o 


K,  Suneon  li 


L 


MACKENZIE  <W.),    M.  D., 
SBigeon  Ocull.1  lu  ScuUuid  in  .irdiaary  to  Uet  Majeaty,  Ac.  fte. 

A  PRACTICAL  TREATISE  ON   DISEASES   AND  INJURIES  OP   THE 

EVE.  To  which  is  preliied  an  Analomical  Inlrnducliiiii  explanatory  ol  a  Horitnnlal  3eBtioe  uf 
Ihe  Hutnui  Eyeball,  by  Tkomai!  Wbartoh  Jdhu,  P.  H.  S.  Fmni  Ibe  Fourlh  Keviaed  md  En. 
lar^  Loiidun  Edition.     Wilh  Noteii  aiid  Addilioa*  by  AnDmaLi.  Mewsoh,  It.  D.,  Suni 

Wfllf UuFuilaliicc. jcc.  luunevery lRrgeaailtaandH)iiiBuclavoviiluine,leBiher,n 
pliles  ma  numerouf  wood-uula.     9i  ifi. 
The  tmiiae  nf  Dr.  Maokenlie  IndlapDlabTy  hnlda 

reanreh^  ae  (^MyelrqHedia"aner)na!t«l  ie  rilut  by 
any  utIisrwnrknrUie  Kind, eittiarGnglialiurroreigB, 

— DixH  HI  filHOHI  •/■*•  £|*. 

Pew  nnderfl  hunkioB  any  department  DTnedieine 

or  hare  nrocnled  fur  Ihelr  antbura  a  like  amount  of 
Eampean  oelabiiCy.  Tlia  inmdoae  riieanh  which 
il  diapliFed,  (he  thoroogh  acaaaintaaee  wlUi  the 
._i.— . .,_ii.„„ij  „  ileorolloal^.and  the 

Die,  Bl'imce  prncnred  for  the  Entedilion.ai  well  nn 
the  ciiDlieenl  ai  in  tfali  cannlrr,  that  biih  poiilinn 


F  Grmly  HIabllihed,  ii 


bilily. 


wnrk  In  Ihe  Engllaii  laniiiue  gpoa  tbe  diaeaaea  uf 
the  eye.— ATed  Ttnai  aad  fiaciiu. 

The  foatth  oditKiB  nf  thi*  alandanj  work  will  as 
doubt  be  ai  rally  apprBoiaied  aa  Ihalluae  fomerMi- 

fut  the  verdiBi  )wi  alriady  beea  paaaied  apoa  H  ht 
the  a«l  eompelenl  Judgei,  aad  "  MaekiBaie  oa  (be 
Eye"  haa  lultly  olilaiaed  a  repnlatioi  whleh  It  i* 
BoHgnteafapeflchuieallworM-wlde.—SriKitaag 
F<nntK  MUiea-CMnirttcH  JUein*. 

Tbia  sew  editlM  ef  Di.  Uaekeuie'i  celehnled 
ttntiae  OB  diaeaaea  nf  the  eya,!*  truly  a  BiinieJa  u( 
Indaalry  and  learning.  We  need  acarraly  aay  thai 
hshaaeBllielyaihaualHllheiDlilBelDf  hiiweeiailT, 
— fiatlja  quarurlg  JnrnuU. 


AND   SCIENTiriC   PtrULlCATIOlfB. 


PRINCIPLES  OF  8UR0ERT.  Fonrth  Amcrioui,  from  the  third  and  rerised 
Edinburgh  cdirioa.  In  one  lugw  aad  very  braalifnl  volinne,  lealbar,  of  700  paget,  with  two 
kdndred  uid  Turty  aiqniaile  illuMnukuB  on  wood.    f3  75. 

The  axtOBded  nnutalbB  oiioyad  br  thin  work  will  be  fnlry  nuniained  b;  Itae  prnonl  ediliim. 
Thoroughly  raviMM  by  the  author,  il  will  be  found  ■  cleu  ■nd  oompandiaui  oipiMilion  of  torgieat 
•eicnea  m  iti  moll  (dvunond  ooodilion. 

In  coonectton  wiib  the  rscenlly  iiiiwd  third  edition  of  Ihe  BHlbor'!  "  Pnclios  of  Sursery,"  il 
fiwiM  >  very  complete  lyklem  of  Suipiry  in  >U  its  bnochea. 

pitHtlna.  or  iMkithc  lnt«mii  of  hli  fllnli.  enn 
■cqgliliimKirhef'innliflniluri  tlis  wnrMwilhnul 
nuViDK  tiimKlf  famiilai  wilh  Ihs  (ciiinil  ud  pkilo- 
■nohical  vi>wi  diiviiliipiid  is  Iht  lotttoiBt  book. — 
Itiu  OrtnmiM4d.amd  S%tg.Jnm*i. 

olplH  of  ihm  bnneh  of  the  hHlinf  irt  <■  uy  1«a- 
(a>K>  Thli  oniBlcia,  dolibeialtly  rurmsd  ■ll«  ■ 
eanTiil  itndy  of  lh«  IraE  eililioB,  w>  hire  hu  do 
caiH  to  ckiiiigc  oa  uaminiDi  the  Keinul.  Tbli 
ediliog  ha*  aadn^nia  thuriiagh  rcrlilnn  by  tha  aa- 
[korj  maay Hpmlnai  kavs  btca  miAdifitd,  aad  a 
nuunraew  natter  ialrodaHd.  Tkabnnk  tinntap 
In  Iht  fia«l  ilrlB.aad  !■  an  ttiieateof  Iha  profinai 
uf  lyp-vnpliy  ia  ourcoaatij. — CluaUilt%  MiMcM 
JnrnMtamd  JUnfw. 

on.     IfTamRtaJf.) 

Fourth  AmeriiMD  from  the  lut   Edin- 

lor.     Illudraied  by  ihm  hundred  and  aixty-ronr 
inw.lemlher,  of  nearly  700  pafBt.     S3  7S. 
bia  wnrki,  bntb  «  Ik*  prneiplea  aad  praetlae  of 
■  argiry  kave  b«a  aulfaFd  Ibahiihut  rank.     Ifwa 

atacnld  ba  Hilier'a,  a*  w*  raaard  ilBiauparior  to  all 
uEbtia.— Si.  Lmu  Mid.  mmdSmTt.  Jtaraal. 

aantril  tn  ilic  prorminB  minr  tha  moat  eninplrtaand 
rclUbIa  lyitsma  n(  Sor^ary  siUBt.    Uii  alyla  of 


Tka  wnrt  nf  Mr.  Millar  ia  tno  w. 

■■dlnnr 

>blTk>t>wii 

ranbar  autier  nf  II  ati 

hral  tfil-b< 

i>k., 

MiavJgran 

t  ofa  aew  edilloa,  lb 

/««*  1 

luTnf  lUraleBilraci 

eaUiioB  a 

mm* 

B*.    Aaaca 

eiH  and  reliable  at pM 

liiv  .if  th 

•BMOfBOd 

r.aarK.rT,IIMa«t.d 

•errrdly  k 

wa  kanw  an 
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lara  rrf  the  priaeiplei 
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roaadTaaar 

lolaaelaaBTlangaaaa 
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THE  PHACTTCE  OF  SUBGERT. 

burgh  edition.     Reaped  by  [be  Ameritrnn  ed 
engraving!  oo  wood.    In  one  large  octavo  vol 

•fHilkt'aBarMrr.    Ita  rcpatatica  la  tbiicDuairy 
U  oaaarpaiaad  by  tbatof  uyotbar  work,  aad.wkea 

Carfirp,  CDBalltalFi  a  wknia,  wllkoat  refarnee  to 
wkirb  ao  enaaaianllnDi  luriuin  would  be  williaf 
to  praeliee  hi*  an,  Tba  additinai,  by  Dr.  Barfeat, 
ban  mauriilly  eBkaBHl  Itae  valae  Df  the  wvrk— 
S*Bl*<rM  Xidical  and  SurfitMl  Jtwmml. 
Iliaatldnm  Ihal  two  yulamei  bavaavar  made  » 


t"  PfmBiple."  and  the  ■'  Prar^ee"  of  Baf^ary  by  .  S«daaaing  an  aiBeh  la  amall  )pa«,  aad  at  the  aaoie 
Hr.  Uiller-or  •>  rielily  nsriied  tka  repalaiiia  thw  i  Una  ao  peraltMitly  boldiag  Iha  aliBBtlna:  iadaed, 
W.     TMOf"!?  aad  i.TiS%rII.?nrB'""l.o'kTm  '  *^ 


ProTiu 

AN  EXTOSITION  OF  THE  SIGNS  AND  SYMPTOMS  OF  PREGNANCT. 

Wilh  aome  other  Pipera  on  Subjeota  connecledwiib  Midwifery,     From  tha  ivcond  and  eniai|;ed 
Engliah  edition.     With  two  eiquiftte  colored  plalea,  and  nuoerou*  wocd-rutg.     In  one  very 
handaome  octavo  volume,  eilrt  elolta,  of  nearly  000  pngca.     (Jmt  Init4d,  1897.)     %3  73. 
The  preiwnl  edition  orthiaelaMieal  volume  1^  fairly eulii led  to  be  regarded  aa  anew  work, every 
aeaienee  having  been  carefully  rewritlen,  and  ibe  whole  inereai^  lo  more  than  duuUe  the  originu 
iiie.     Tbe  tille  of  tbe  work  ffarcely  doe*  juMice  to  the  extent  and  Importance  of  the  topic* 
brought  tioder  oonaideratioa,  embracing,  wilh  iha  eicepliun  ai  the  operative  proceduroH  id  mid- 
wifery, almoat  averything  ooBaected  wilh  obalelricn.  either  diicclly  or  incidrnially ;  and  there  ant 
few  phyjiiciani  who  will  not  find  in  il»  pagea  much  that  will  prove  of  gi«at  intereat  and  value  in 
their  daily  praelioe.     Tha  ifieeini  Eeaaya  os  Iha  Period  of  Human  GeMaiion,  the  Signs  of  Delivery, 
■od  the  Spontaneoua  Ampinalinn  and  other  Leriona  of  the  Fotiu  in  Utsro  pneeot  topio*  of  ihe 
bigheiit  inleteat  Ailly  treated  and  beaiiiifally  illuilr--- ' 

in  every  point  of  mechanical  eiecutiou  Ihe  wnr 
drum  tbe  American  pre**. 


vnrk  will  be  found  one  of  the  handtomesl  yel  inued 


■ally  rirk 


Am.  7*aT 
Tbcae  •averal  nb|eeta 

aelvea,  andaalMpnnaat.e.-.^  —  ... 

Boat  deliealB  aaa  pracliiga  of  aneial  rrlaii 


praeUeal  •oggMlliaie  - 
iI1b|  la  thm: 


«ifhBHhroo|b  yea. 


family,  the  Ireiliman  .if  uApriat, _ 

parenl,  arr  all  Iraated  with  an  alegaaee  of  dm 
lalaeaa  of  iilBi[rall«ei,  a«iittM**aad  jwtle*  of 


IhaUtoof Iti  I  ^^^?^]^ht^'ZT^^^*V^^''\'£ 


I  of  ail  m 


bixih  or 


Id  iadaa.    It  I.  not  inarfiy  in  ita  in. 
itwaEadlblawntkaaiataraitiag.  II. 


'f  ■'  " 


lataraitiag.  Hardly 


iSraVn.  'tT.  r«d.rTLrr™t  ™7^«ri7r  •»<■  K""'  praetli'""'!  and  not  a  chapter  wiiboal 
Snh,  aad  vifoin...  aad  elaaaleal  1*  oar  a«t£or.,  "P«?l  ~''"J°'.'*^rr'2Sf'*i';ii°S£;i'S, 
Bi>i<;  aad  «Se  /W"ia,  i»  Iba  ranewed  eharm  ^XvjXMU^'.A.—V.   A.  ll.*..t:Wi.  »-s\«,-*a4'i» 


la;  aad  uae  fnrfBttf  Im  iba  raaawaj 
rr  p*gt,  thai  il,  Bod  every  line,  ni 
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BLANCHAKD   &   LEA'S   MEDICAL 
NEILL  IJOHN),  M.  O., 


1 


FRANCIS  GURNEY  SMITH,  M.  □., 

Prnf»»oi  of  Inilitutu  nC  ileiieiBK  Id  U»  Prnoiylvsnii  Medietl  CaUife.  

AN  ANALYTICAL   COMPENDIUM   OF   THE   VARIOUS   BRANCHY 

OF  MEDICAL  SCIENCE ;  for  Ibe  Use  snd  ExamiiislHm  ol  Sludcnl*.    A  new  editido.  reTi>«l 

and  imjiroved.     In  one  ver;  Uige  and  handrnmely  printed  royal  llmo.  Toluine.  of  abiMilcae 

Ihounead  ptfet,  wilh  374  wooil-cu(>.     Slrongly  bound  in  lealher,  wilh  raised  band*.     J3  00. 

Tbe  very  fleiiering  ncepiion  which  ha!<  been  accorded  to  ibis  wort,  and  Ifae  hifrh  c»Iiiaaie  plased 

npon  it  by  ihe  pcofen'ion,  a*  evinoed  by  the  conslanl  and  incresAing  demand  wbich  ha*  rapidly  a.- 

huu^ted  Iwo  larpe  edilioQB,  have  gtioiulaied  Ibe  nulborK  la  render  ihe  volume  in  ila  prsMst  revuiiia 

more  wanhy  or  Ibe  BUc43ei>a  trbioh  has  allended  it.     It  taaa  aceordinsly  been  Iborowbly  examinei). 

and  nncb  orrom  a*  had  on  former  occasion*  eseaped  ohnerviiion  have  been  correoled,  and  whawmef 

addilionn  were  necesiary  lo  mainlnin  it  on  a  level  wilh  tbe  advanoe  of  scienire  have  been  introdueed. 

The  extended  series  □filluflretions  hns  been  Biill  furlher  inoreaied  and  much  improved,  while,  by 

a  •liahi  enlnrgemenl  of  the  pnge,  ihese  vanous  addiliuna  have  been  iacorporaled  without  inereuing 

The  wort  ill,  therefore,  again  presenled  aseininenlly  worthy  of  Ibe  favor  wilh  which  it  haa  hitherto 
been  received.  As  a  book  for  duily  reference  by  the  itudenl  re(|UirinKBguide  lo  his  more  elabonle 
lexl-books.  a«  a  manual  for  precepiort  desiring  lo  siimulaie  Iheir  rtudenia  by  frequcDl  and  amuaie 
elaniination,  orasasonrce  from  which  tbe  praeiitioners  ol  older  date  may  easily  and  cheaply  aequiK 
a  knowledge  of  the  chaogei  and  improvemeiit  in  professional  science,  its  reputatioo  i*  pertnaneally 
ealablikheil, 

Tbs  belt  work  of  Ihe  kind  with  wbioh  we  are 
aequalnted^Aftd.  Sismiiur. 

volnme  In 


enee  In  reeomineDding  it  aa  as  adminlils  eonpaBiJ 
fnr  ilndnte,  and  m  eineohillr  nnftil  lo  preceptnii 
Who  eawniae  their  napila.  It  will  lars  the  teacher 
miieh  labor  bj  enabliu  Um  nadily  to  recall  aU  u( 
the  |K)i>il)  npoa  wUcb  hla  pupila  ahoald  be  ei- 
BmlDed.  A  work  of  thia  aort  ahoald  be  ia  the  hands 
or  everr  me  who  takes  pnpils  into  his  oBoe  with  s 
TlewareiiuiUniii(  them;  apd  thla  is nnqDeslionnbly 
the  bestofits  elaia.— IVaaiylMafa  Itti.  Jnnul 
la  the  rapid  ecnirae  of  lee  turn,  where  work  for 


If  the  dlrii 


>t  only  nloabla,  bal 
rhe  ona  befora  aa  Ib, 

eBeaeeplioBBhlt 


d  the  IBMB  UB- 
provennts  isd  diacovB(|u  ate  uolleltlT,  (hooft 

eoDD[seJT JaJd  before IheanideBt.    Ytere b a t\mm 

elaaa  la  Ihcfrvdi- 
>  yaan'  Bandfag, 

eoeeisBnleiaellT 
toff— TtiSuIb- 


le  of  more  Ifa 


NEILL  (JOHN),    M.  D., 
PrnreiHiT  of  Surgery  in  the  Penns)  tvaBii  Medidnl  Cnlloge,  kt. 

OUTLINES  OF  THE  VEINS  AND  LrMPIIATICS.    With  bandBome  oolored 

plaies.     I  vol.,  clolfa.  Si  2b. 

OUTLINES  OF  THE  NERVES.     With  hanJaome  plates.     1  vol.,  cloth.  |1  26. 


NELIQAN  (J.    MOORE),  M.  D., 

(Atp/imdid  uvri.    Jwill 

ATLAS  OF  CUTANEOUS  DISEASES,     In  oi 

ctolh,  with  splendid  colored  platet,  presealine  neBily  oi 

disease,     tt  SO. 

This  beiuliful  volume  is  intended  as  a  complete  and  aoourate  represent atiun  ol  all  Ibe  Tariatiet 
of  DiseHMS  ol  the  Skin.  While  it  canbeoonsulled  in  conjunction  witfa  any  wort  dd  Praoiioe,  il  ha« 
especial  reference  lo  ihe  author's  "Treatise  on  HKseaseii  of  itie  Skin,"  so  favorably  received  by  the 
profesBioo  some  years  since.     Tbe  publisher*  feel  junifled  in  eaying  ihat  few  more  beauliDilly  eme- 


.  n.  I.  A.,  uc. 


me  beautifiil  quarto  Tolome,  extn 
e  hundred  elaborate  repreeeniatioiLs  of 


>e  bave 


■r  been  presented  to  Ihe  professi 


A  eel inpeDd  which  will  verf  loueh  aid  theprai^ll- I  loag  Mistenl  deaiderstam  nneli  felt  by  the  lanal 
tloneila  this  diffleolc  branch  of  diniuasis.  Taken  clsu  >if  oni  prufessioa.  Ii  preatals,  ia  qaann  (la*. 
With  the  besatifal  plates  of  Ibe  Atlai,  which  aie  IS  plates, caeh  eoBIainluK  from  J  loalgnrea.uJ 
renurkable  Tor  their  aeenrai^y  snil  tuaoty  nf  oolnr-  fnrming  la  all  ■  total  of  W  diatin"!  rupwialaUnns 
ins,  it  eoaslimtea  a  very  valoablo  addillnn  lo  the  of  the  ^ilTeieat  apse iei  of  akia  affHlirm,  irmpid 
library  nf  a  ptaetleal  mas  -  Buff  all  Hid,  Jovmaf,    tngellier  In  iieaen  or  temlllM.    The  iUaatnUau 


,  I  wiEnsaesaBelity  thai  they  preaai 

,.  of  life;  mwhleb  Ihe  reduetd  eeale  aptly. 
.give,  alaenp  4'ail,  ■'■- ^-l..'..'- 

.    oreaehiiiUviJnalrarl 


ible  peealiatiiifa 


...  ■«,     .™  »„..  „.,...,=  ».  wi.i  .up,,.,  .  ..OL. Mdered  more  definable,  thoBi  ia  r«  aa  loss 

loBirelt,  and  nlalsler  loa  nora perfect soaaalntance  I  "•  propiwiion  laenrred  by  the  Beeeaaary  eoMeaiTs- 
with  Ihe  Baton  and  treatmeal  of  a  wry  frennoot  M™-,"^™  "I"'" '"*''''' ™''''*^' "*  •"™'*'''' 
BDd  troDblcume  form  of  dlseua—OUe  tft.  «ui  has  lbs  artist  been  that  the  most  fasUdoasohastrn 
Surg.  Jnrnal,  July,  tSsa.  '^''u'''  i"«  ^"'  JJ"^  eittptina  to  the  enriclDrssor 

A    PRACTICAL   TREATISE   ON   DISEASES   OF  THE   SKIN.     Se<»nd 

American  ediUon.     In  one  neat  royal  ISmo.  volume,  eitra  cloth,  of  334  pages,     tl  OO. 

fS"  The  two  volumes  will  be  sent  by  mail  on  reoeipt  of  Five  DoUan. 
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PEA8LEE  (E.  R.).  M.  D., 
ProfeMor  of  Phyaiology  and  General  Pntholofy  in  the  New  York  Medical  College. 

HUMAN  HISTOLOGY,  in  its  relations  to  Anatomy,  Physiology,  and  Pathology; 

for  the  QKe  of  Medical  StndenrK.    With  four  hundred  and  thirty- four  illustrationa.    In  one  hand- 
tome  octavo  volume,  of  over  600  pagen.    {Now  Readyy  1858.)    t3  75. 

In  undertaking  this  task,  the  author  haH  endeavored  to  preiM*nt  hi»  extensive  subject  in  the  man- 
ner most  likely  to  interest  and  benefit  ihe  physician  confident  that  in  theve  details  will  be  found  the 
basis  of  true  nriedical  science.  The  very  large  number  of  iilusttrations  introduced  throughout,  icervos 
amply  to  elucidate  the  text,  while  the  typography  of  the  volume  will  in  every  respect  be  found  ol 
the  handsomest  description. 

It  embraces  a  library  npon  the  topics  diaeassed  prrparatinn  of  nor  lectures,  and  also  of  recommend- 
irithio  itself,  and  is  just  what  the  teacher  and  learner  '  ing  its  further  perusal  most  cordially  to  our  alumni ; 
need.  Another  advantage,  by  no  means  to  tw  over-  a  recommendation  which  we  now  extend  to  our 
looked^  everything  of  real  value  in  the  wide  range    readers. — Memphis  Med.  Recorder,  Jan.  1858. 

J![?i®**-"«!?'*'"*'~r  *■  ^*?K'r?^r''"'  c«>mP'«««<*  This  volume  meets  the  wants  of  the  profession,  and 

iiu^rii^^L"  ''xvT.vI  inl  i«  l%r"h**!*"  '!J  ^«  heartily  commend  it  to  all  those  who  woulJ  be- 

i^^u^V^^     Y!^*\*  °  '  '^y'^ J**^^*'***!  r'".^  «"»"•  thoriughly  acquainted  with  the  minute  and 

ject  of  Histology,  interesting  in  itseU,  ably  and  fully  beaulifnl  slrSctires  of  the  haman  body.  -  ciJeoJo 

V'Th'^^^U**"   T5"  "  <>*  »"*»i<«'y  »«•'*'  ,«'""^  Mfd.  Journal,  April,  1858.                      ^             ^ 

to  the  student,  because  of  greater  praetieal  value,  „,           .........          ... 

are  its  relations  to  Anatomy,  Physiology,  and  Pa-  ^^*  would  recommend  it  to  the  medical  student 

thology,  which  are  here  fully  and  saUsfactorily  set  ■"?  practitioner,  as  c<mtaining  a  summarv  of  all  that 

forth.    These  great  supporting  branches  of  practical  *« ''":*^n  ^f  '*»«  important  subjects  which  it  treau } 

medicine  are  thus  linked  together,  and  while  estab-  ^^  ^^^  '^^^  *"  contiiined  in  the  great  works  of  Simon 

lishing  and  illustrating  each  other,  are  interwoven  *"•*  Lehmann,  and  the  organic  chemists  in  general, 

into  a  harmonious  whole.    We  commend  the  wtirk  Master  this  one  volume,  we  would  say  to  the  mtdical 

t«  students  and  physicians  generally.  — iV«Avii/c  student  and  practitioner— master  tbis  book  and  yon 

Jemm.  of  Med.  and  8urgerw,Dec.  1857.  ^""W  all  that  is  known  of  the  great  fnndamenu! 

principles  of  medicine,  and  we  have  iio  hesitatiiMi 

It  far  surpasses  onr  expectation.    We  never  con-  »"  wyniT  'l»»t  »J  >■  •»  *»"»"'  «o  the  American  medi- 

eeived  the  poasibility  of  compressing  so  much  valu-  <^*»  profession  that  one  of  its  memhrrs  should  have 

able  information  into  so  compact  aform.    We  will  C,     "5  luil                ****                   ^*'''  ^'^^^^*^* 

not  euBsvme  space  with  oomrarndations.    We  re-  March,  1858. 

eeive  this  contributi  m  to  phvsioiiigical   science.  This  work  treats  o(  the  foundation  of  things,  and 

**  Not  with  vain  thanks,  but  with  acceptance  bono-  deserves  a  careful  perusal  by  all  those  who  wish  to 

teoas.**     We  have  already  paid  it  the  practical  be  respectably  intiirnied  m  their  profession.— OAis 

compliment  of  making  abundant  use  of  it  in  the  Med.  and  Surg,  JounuU,  May,  1858. 


PEREIRA  (JONATHAN),  M.  D..  F.  R.  8.,  AND  L.  8. 

THE   ELEMENTS    OF   MATERIA    MEDICA    AND    THERAPEUTICS. 

Third  American  edition,  enlarged  and  improved  by  the  author ;  including  Notices  of  most  of  the 
Medicinal  Substances  in  use  in  the  civilised  world,  and  forming  an  Encyclopfedia  of  Materia 
Medica.  Edited,  with  Additions,  by  Joskph  Carson,  M.  D.,  Professor  o(  Materia  Medica  and 
Pharmacy  in  the  University  of  Pennsylvania.  In  two  very  large  o<>tavo  volumes  of  2100  pages, 
on  small  type,  with  about  500  illustrations  on  stone  and  wood,  strongly  bound  in  leather,  with 
raised  bands.    $9  00. 

Gentlemen  who  have  the  first  voltmie  are  recommended  to  complete  their  copies  without  delay. 
The  first  volume  will  no  longer  be  sold  separate.    Price  of  Vol.  II.  S5  00. 

The  third  edition  of  his  **  Elements  of  Materia  i  on  Materia  Medica  hitherto  published.*'  We  oan- 
Medica,  although  completed  under  the  supervision  of  I  not  close  this  notice  with<}ut  alludina  to  the  special 
«»thers,  isby  far  the  most  elaborate  treatise  in  the    additions  of  the  American  editor,  which  pertain  to 


Eaglira  language, and  will,  while  medical  literature 
ia  enerished,  continue  a  monument  alike  honorable 
to  his  genius,  as  to  his  learning  and  industry.— 
American  Journal  of  Pkmrmacjf. 

Onr  own  opinion  of  iu  merits  is  that  of  its  editors, 
and  also  that  of  the  whole  profession,  both  of  this 
and  foreiga  eonntries— namely,  *'  that  in  copious- 
ness of  details,  in  extent,  variety,  and  accuracy  of 
information,  and  in  lucid  explanation  of  dilBcult 
and  recondite  subjects,  it  surpasses  all  other  works 


the  prominent  vegetable  productions  of  this  country, 
and  to  the  directions  of  the  United  States  Pharma- 
copoeia, in  connection  with  all  the  articles  contained 
in  the  volume  which  are  referred  to  by  it.  The  il- 
lastrations  have  been  increased,  and  this  edition  by 
Dr.  Carson  cannot  well  be  recarded  in  any  other 
light  than  that  of  a  treasure  which  should  be  found 
in  the  library  of  every  physician.— .iVcte  YorkJoum' 
al  of  Medical  eukd  Collateral  Science. 


PIRRIE  (WILLIAM),  F.  R.  8.  E., 
Professor  of  Surgery  in  the  University  of  Aberdeen. 

THE   PRINCIPLES  AND  PRACTICE  OF  SURGERY.    Edited  by  John 

Null,  M.  D.,  Professor  of  Surgery  in  the  Penna.  Medical  College,  Surgeon  to  the  Pennsylvania 
Hospital,  dco.  In  one  very  handsome  octavo  volume,  leather,  of  780  pages,  with  316  illustratioos. 
•3  75. 


We  know  of  no  other  surgical  work  of  a  reason- 
able sixe,  wherein  there  is  so  much  theory  and  prac- 
tice, or  where  subjecta  are  more  soundly  or  clearly 
taught.' TAs  Butkoecopo. 

There  is  scarcely  a  disease  of  the  bones  or  soft 

Carta,  fracture,  ordisloeation,that  is  not  illustrated 
y  aecarata  wood-encravings.  Then,  again,  every 
Instmment  employed  ny  the  sarge<m  is  thns  repre- 
sented.   These  engravings  are  not  only  eorreet,  but 


really  beautiful,  showing  the  astonishing  degree  of 
Dcrfeetion  to  which  the  art  of  wofid-encravimr  has 
arrived.  Prof.  Pirrie,  in  the  work  before  us,  has 
elaborately  discussed  the  principles  of  surgery,  and 
a  safe  and  eflfiectual  practice  predicated  upon  them. 
Perhaps  no  work  upon  this  subject  heretoftire  issued 
is  so  full  upon  the  science  of  the  art  of  surgery.— 
NeukvilU  Journal  of  Medicine  amd  Surgery . 


PARKER  (LANQ8TON), 
Bargeon  to  the  Qaeen*B  Hospital,  Birmingham. 


THE  MODERN  TREATMENT  OF  SYPHILITIC  DISEASES,  IBWML^^IX.. 

MARY  AND  SECONDARY;  comprisipg  the  Tteimeai  <rf  OoM\\Vui\yiM\  nAOowktetnaA^'v^' 
Jim,  by  a  MtJe  nd  BucoeMfui  method,    with  nttiMNMift  Cmm,  V«iiiBn^>  «Dt4  ^vD\«fl\^^Mwr«%r 
tktaM.    From  the  Third  and  entirely  rewritten  Londoit  edixVoiL.   An  oda  XMfiX  ORf^xn^  ^^''<»« 
exirm  cloth,  of  316  pag9§.    $175. 


or  on  Praettem  Pbiin 


BLAHCHARD   ft   LEA'S   MEDlCAli 
PARRI8H   [EDWAHD1, 


ctAemj  or  MnUeinc,  *r. 


AN  INTRODUCTION  TO  PRACTICAL  PHABMACY.     Desigiiwi  m  a  Text- 

Book  lor  (he  3tudeni,  and  »  BGuide  Tor  the  Phy><jvinn  and  PbarniBceulL!>l.  Wiih  many  Por- 
■nalce  snd  PrsHtrinlioaB.  In  one  bandsome  oclBVO  volume,  eitn  cloUi,  orfUO  IMett,  wiib  243 
IlluBinilioDft.  «3  7». 


Then  ia  no  niefnl  inrom 
LpolhKary  '■oronuDtrypH' 
iwntdlne  ID  MlcacB  ihni 

-•■■■-•—-  -ill  find  ii 

unwlBdj 

in  £d  Un'ilHl  Sulci,  an/  lUHt  m«et  wlUi  u  im- 

mniK  ule^ffuli^li  Jaanul  nf  Mtditim,  ApnJ, 


will  ■apply  •  Hsal  lone  Mt  1 
BipMiilfr  b;  tba  indent  of 
nnjciritj  of  phyni 


br  lb*  pmfeaiian,  uil 


■pfnk  nf  il  tn  the  higheil  Isrmn.  ■■  b«lng  Uie  brtt  I 

ti<  the  npotiiecirf  ud  lo  thuie  pnolillc>neii  wbonre 
BtCNiloned  to  prepue  ibeli  uwn  medicinu,  bat  to 
eierv  nwdlcnl  nmn  nnd  medienl  ilDdenl.  Through- 
unt  UiB  warK  nreintei>pBm<T>liiBbls  tablet,  uneriil 

tralcd  bT  ■  latga  aambsr  nf  ilciillait  wood-engntr- 

Thla  la  allngetbet  one  of  the  moat  uaeful  booka  we 
(lamawn.  Itlajnal  wbat  we  bmve  long  fell  to  be 
DaBded  bj-  apolbearina,  iiodMia,  and  practltinneri 

SIR*,  the  JmpTeM  Of  pnetleal  kBowlodire,  euBreyed 
[a  a  pbifD  eommoB  aenaa  mannar,  and  idaplod  lo  the 

Ibinvb  really  impottanl  Id  the  diapenaali^niedloine. 

tbrearv  ih<i  work  of  Mr.  Parriah  ia  a  godund.  A 
cswful  aloJr  of  it.  tonlcnu  will  |[i»e  Iho  yonni: 


..f  the  acienca  of  Phurmaey.  canvenlently  arruged 
fi>r  ai  Ddy,  and  with  ipMtal  letBrenn  to  Ibnae  featarea 
orUiaauhiMtwkiBhpoaaeuaaetMeia]  ptaeiisal  in- 
tercat  to  Iha  phyaiolaa.    It  fumlaliea  Ibe  atudeBl,  at 

malioa  whlah  it  of  the  aroiteu  impottuiee  in  Inl-   ter  npoa  lh>  teld  oTjirnfai 
(intinghiniinLolhedoiuTBOfChemiatrruidMatiiria    LniMd, Maioh M,  lau, 

RiCORO  (P.l,   M.  D., 

A  TREATISE  ON  THE  VENEREAL  DISEASE.     By  John  Hchtbb,  F.B.a, 

With  Dopioun  AddtliuDB,  by  Ph.  RtooiD,  M.  D.    Edited,  witb  Nolei,  hy  Prieiu:i  J.  Bonruts 

""   "  jBB,  with  plates,     was. 


Ihtt  volume  ia  out '•flM 

:r£Si"S:re 

SS"vr 

b  bu  for  a  l« 

'"««i'ta^ 

ra,." 

i^r. 

With  DopiOUR 
M.D.    fnont 

TntuF  which  ihl«  work  dcrivDi  from  thai  preacminf 
the  opiniona  of  Iheac  two  mulen  aide  by  aide.    Bnll 

Iha  book,  ia  U>e  fact 'that  ileonUina  Iks  "mosl  com- 
Dleli  am^dimeai  of  tke  neriialite  dactnoEt  of  the 

TtwdHirioalideatof  H.  RieDtd,1deai  which,  if  noi 
aiiinnallradcipHd.tielneaniatiabl7daBinut,bairB 
kareLDforeoalrweniiiierpitfiedtifinDrccirleAatkLlfal 


■elffotliiBiaieriireten.andiiviuhiaarigiBallboai 
lo  Ike  world  in  a  Ineidand  peifeelly  inwIUcibte  m 

leiiablylbe  b«tl»«aliie  on  Bn>hUitwitk  wkiehwi 

phnte,  wo  nay  heeivnud  for  eiprvaamglbeMtv 
ibai  il  idar  Ind  ■  place  in  ihe  libnry  of  mrr  >k)- 
aieian.'-nrrt<il«A«l.  imI  Swf  JetmmL 


RICORE 

^H      A    STSI 

^^H  Seconds 

^H      ON  THl 

^^^  ThB  Bim 

embody  Ibi 


RIGBY   (EDWARD),    M.  D., 

r  Phyaicinn  lo  Ibe  General  Lying. in  BaspiMI,  iLf. 

SYSTEM    OF    MIDWIFERY.     With  Notes  and  Additional  lUnstridoni-. 

10  Edition.     One  voliune  oolavo,  eilra  plolh,  422  page*.     »a  50. 
ht  TSe  ckHB  AUTHOR.     {Tfov  Rtady,  I8S7.) 

ON  THE  CONSTITUTIONAL  TREATMENT  OF  FEMALE  DISEASES- 

Iil  Mte  nnl  royal  ISmo,  volume,  silra  oloih,  of  about  300  pages.     SI  00. 

The  Bim  of  Ibe  aulbor  baa  been  ifarouphoul  lo  {)rewDl  sound  nradii-al  views  of  Ihe  Imponanl 

---■■■■-■-  ■>— — oticardispulBliotiB  nnddiMjuititiotuto 

eDDdenaed  form  a>  would  be 


'«ible  lo  i 


;  and  willtilut  entering  into  theoretic) 


le  proclit loner. 


ROYLE'S   MATERIA    MEDICA    AND   THERAPEUTICS;   inclnding  the 

Prepam1ion<>  of  the  PharmacopO'iBa  of  London,  Edinburgh,  Dublin,  and  of  Ibe  UnitodStatw. 
Wilbmsny  new  medicinen.  Edilcd  by  Jossrii  CarboNi  M.  D.  With  nlBelj-eighl  jllMMiMiopa 
la  one  large  oetavo  volume,  eitni  A«\i,  rf  thwWWft  yy*.   **  "" 


AND   SCIENTIFIC   PUBLICATIONS.  27 

RAM8BOTHAM  (FRANCIS  HJi  M.D. 

THE  PRINCIPLES  AND  PRACTICE  OP  OBSTETRIC  MEDICINE  AND 

SURGERY,  u  reference  to  the  ProoeM  of  FarturitioD.  A  new  md  enleifed  edition,  thnrttughly 
revived  by  the  Author.  With  Additions  by  W.  V.  Kbatino,  M.  D.  In  une  larfre  aod  handi*(mie 
imperial  uctairo  volume,  ot'ddO  p«get»,  Mrongiy  bound  in  leather,  with  raiwd  bandb;  wiih  »uiy- 
four  lieautiful  PiaieH,  and  nunieruutf  Wood-cute  in  the  text,  coiiiuiiiiiig  in  all  nearly  two  hundred 
large  and  beautiful  (igurea.   $5  00. 

In  calling  the  attention  of  the  profei*fiion  to  the  new  edition  of  thiM  standard  work,  the  pubiiitherii 
would  remark  that  no  effortn  have  been  spared  to  secure  for  it  a  continuance  and  exten»ion  of  the 
remarkable  favor  with  which  it  hai*  been  received.  The  la^t  London  iHt«ue,  which  was  considera- 
bly enlarged,  has*  received  a  further  revinion  from  the  author,  e>peciBlly  for  thin  country.  Itn  pa»- 
Mge  through  the  pre»»  here  ban  been  Hunervised  by  Dr.  Keating,  who  hai«  mude  numerouM  addi- 
tiona  with  a  view  of  prei^ntins  more  fully  whatever  wa»  ne(*e>»<Bry  to  adapt  it  thoroughly  to 
American  modcK  of  practice.  In  iti»  mechanical  execution,  n  like  hU})eriority  over  former  editions 
will  be  found. 

Prom  Prof.  Hodgty  of  tke  Umivtr*itf  of  Pa. 

To  the  American  pnblie,  it  it  most  vnluMble,  from  its  intrinsii*  un(i<nibt<K4  ezcelleaee,  and  ai  being 
the  l>e«t  aathorixed  exponent  of  Britiah  Midwifery.  Ita  circulation  will,  I  trust,  be  extenaive  thruoghont 
oar  country. 

The  publishers  have  shown  tiieir  appreciation  of  j  cine  and  Surgery  to  our  library,  and  cunEdeatly 
the  menrsof  this  work  und  secured  its  success  by '  recomiiienii  it  to  our  readers,  with  the  assurance 
Che  truly  elegant  style  in  which  they  have  brought '  that  it  will  not  (lisapnuint  their  most  sanguine  ex- 
it out,  exrciling  themselves  in  its  produrtioa.  espe-  i  pectations  — W**Um  Laneet. 

ciallv  in  Its  plates.  It  is  dedicated  to  Prof  Meigs,  I  n  j,  unnrces«»ry  to  say  anything  in  regard  to  the 
and  has  the  emphatic  endorsement  of  Pr-rf-.  Hodge, :  ^jiity  o(  this  work.  It  is  alreodylppreeialed  in  our 
aa  the  »>est  exponent  of  Britmh  Midwifery.  \^  e  country  for  the  value  of  the  matterrthe  elearnesa  of 
know  of  no  text-biiok  which  ««e»«rve«  in  all  respects  a»  styfc,  and  the  fulness  of  its  illustrations.  To  the 
CO  be  more  highly  recommended  to  students,  and  we  physician's  libniry  it  is  indispensable,  while  to  the 
could  wish  to  see  It  in  the  bands  of  ever  V  practitioner,  „u,ir„i  as  h  text-b.-.k,  from  which  to  extract  the 
for  they  will  find  ic  invaluable  for  reference.— AlsJ.  material  for  biying  the  foundat  i«.n  of  an  education  on 
Qm94tu.  .  obstetrical  science,  it  haa  no  superior .—OAio  tUd. 

Batonee  in  a  long  tiraeaome  brilliant  genius  rears '.  and  Surg.  Journal. 
his  head  abtive  the  horis4»a  of  science,  and  illuiiii-  ,,«,.,,,..   ^       ^ 

nnteaand  purifies  every  department  that  he  investi-  ,  .  W«  will  only  add  that  the  student  will  learn  from 
gutes ;  and  his  works  become  types,  by  which  innn-  !*  •"  be  need  u*  know,  and  the  practitioner  will  find 
merable  iinitau>rs  model  their  feeble  pr«iductions.  it,  as  a  b«Mik  of  reierence,  surpassed  by  none  other.— 
Sach  a  genius  we  find  in  the  younger  Ramshotham,    SUtk0$eop€. 

and  such  a  type  we  find  in  the  work  now  befi>re  us.  |  The  character  and  merits  of  Dr.  Ramsbotham*a 
The  binding,  paper,  type,  the  engravings  and  wiMtd-  work  are  so  well  known  and  thoroughly  established, 
euts  are  aifso  excellent  as  to  make  this  book  one  of  that  comment  is  unnecessary  and  pmise  superfluous, 
the  finest  specimens  of  the  art  of  printing  that  have  ,  The  illustrations,  whirh  are  numerous  and  accurate, 
given  such  a  world-wide  reputation  to  its  enter- '  are  executed  in  the  highest  style  of  art.  We  cannoC 
prising  and  liberal  publishers.  We  welcome  Rams-  too  highly  recommend  the  worit  to  our  readers.— Si. 
hotham's  Principles  and  Practice  of  Obstetric  Medi-   Loui»  Mfd  ami  Surg.  Journal. 

aOKITANSKY  (CARL),    M.  D., 
Curator  of  the  Imperisl  Pathol(»gical  Museum,  and  Profess«)r  at  the  University  uf  Vienna,  Ac. 

A    MANUAL  OF  PATHOLOGICAL    ANATOMY.     Four  volumes,  octavo, 

bound  in  two,  extra  cloth,  of  about  1200  pages.    Translated  by  W.  E.  Swaimb,  Edward  &kvk- 
KiNo.  C.  H.  MooiB,  and  G.  E.  Day.    $d  SO 
To  render  thia  large  and  important  work  more  ewy  of  reference,  and  at  the  xame  time  leu*  cuoi- 
broui*  and  costly,  the  four  volumea  have  been  arranged  in  two,  retaining,  however,  the  wparate 
paging,  &o. 

The  publi»hera  feel  much  pleasure  in  preiwnting  to  the  profet»!«ion  of  the  United  Statei*  the  great 
work  of  Prof.  Rokitani*ky,  which  ia  univeniaily  relerred  to  ai»  the  i^tandard  of  authority  by  the  pa- 
thologiMK  of  all  nationa.  Under  the  aut>piceit  of  the  Sydeiihaiii  S«M'iety  of  Ltuidon,  the  combined 
labor  of  four  tranhiatora  haa  at  length  overcome  the  aluioet  inauperable  difficulties  which  have  lo 
long  prevented  the  appearance  of  the  work  in  an  English  drena.  To  a  work  ao  widely  known, 
eulogy  iK  unnecei«Mry,  and  the  publi^hen*  would  merely  ntale  that  it  is  aaid  to  contain  the  renulta 
of  nut  le>it  than  tuikty  TUOvsA^tD  post-mortem  cxuniinatiom*  made  by  the  author,  diligently  com- 
pared, generalized,  and  wrought  into  one  complete  and  harmonioim  aystem. 

The  profession  is  fMt  well  aequaiated  with  the  re-  ;  so  charged  his  text  with  valuable  truths,  that  any 
putatioa  of  Rokitansky*s  work  to  need  our  assur-  ',  attempt  of  a  reviewer  to  epitcmiize  is  at  once  para- 
•nce  that  this  is  tme  of  the  m<»«tproft»und.  thorough.  l>zed,and  must  end  in  a  failure.— Ifc«f«ni  Latutl. 
and  valuable  bjH»ks  ever  issued  from  the  inedieal  ^s  this  is  the  highest  source  of  knowledge  upon 
preaa.  It  is  j«i  *«•*"',  ^d  has  ao  standard  of  com-  |  the  important  aubject  M  which  it  treats,  no  real 
parison.  It  is  only  necessary  to  announeo  that  it  s  ,  ,t„dent  can  aff<ird  to  be  without  it.  The  Anwrieaa 
isMied  in  a  form  as  cheap  as  is  compatible  with  its    publishers  ha  v.-  eniitled  themselves  to  the  thanks  t»f 


size  and  preservation,  and  its  sale  follows  as  a 
nwtter  of  course.  No  library  can  l>e  called  eom- 
plete  without  it.— Buffalo  Mtd.  Journal. 


the  profession  of  their  country,  for  this  timenns  and 
beautiful  edition. — NashvilU  Journal  of  M*Jitino. 

As  a  b<H>k  of  reference,  therefore,  this  Wftrk  must 


An  attempt  ti»  give  our  readers  any  adequate  idea  |  P'""''*  "'^  inestimable  value,  and  we  cannot  t^n.  highly 
of  the  vast  aimmnt  of  instruction  accumulated  in  recommend  it  to  the  proiession.-f'Aar/f.^ioa  Med. 
these  volumes,  would  be  feeble  and  hoprless.    The  |  •'•»'»««  «"d  Kcvmw. 

adbrt  of  the  distinguished  author  to  eimeeatrate       This  book  is  a  necessity  to  every  praetitioaer^— 
Ib  a  amall  space  his  great  fund  of  knowledge,  has    >C»i.  Med.  Monthlf. 

8CHOEOLER  (FRIEDRICH),  PH.D., 
Pntfesanr  of  the  Nataral  Sciences  at  Worms,  &e. 

THE  BOOK  OF  NATURE;  an  Elementarj  iDtroduction  to  the  Sdenccs  of 

Pkyaica,  Aatraaomy ,  Chemiatry ,  MiaeraJogy,  Geology,  Botany^  Zoolo^V  <»  «»A  ^VK*fvMis)c» .  ^\nx 
American  edition,  with  a  Gloswy  and  other  Addilioaa  aad  \vKMQr««mcj^«k\  SMioa.  vwa  ^mjiaa^L 
Eagiii*h  editioa.    Trana/aled  from  the  aixth  German  eAVUoa^  b^  VliLi»m.x  ^xi>\am.v>^  .^  .^.^^ba. 
la  oae  roiune,  mnall  octmvo,  extra  cloth,  pp.  092,  w\v^  Gl^  'v\\>i«\i%\\^xa.    %V  ^« 


r 


ttS  8LANCMARD   Sc   LEA'S   MEDICAL  ^^H 

SMtTH    {HENRY    H.).   M.D., 

Profmnoi  otSargery  in  Ibe  UBlrerrtly  of  PeiiBij]*»ota,ke. 

MINOR  STTRGEUY;  or,  Hints  on  the  Every-Jay  Duliea  of  tlie  Surgeon.     ntti»- 

iniTOd  by  iwo  hundred  and  furly-wven  lUui'lrtlioiiH.     Third  Mid  enlarited  eriitioo.     In  oiw  huiit- 
lyal  liiDU.  volume,     pp.  4S6.     In  leather,  $2  25;  exira  dmh,  9t  0 


Iknd  ■  capital  little  book  it  i>.  .  .  Mioor  SoiEcry, 
!  tslMal,  ia  raatly  Makir  Sutgery,  and  loylhiDB; 
Ikh  tMohsl  II  ia  wnrth  luLTiDR.  8u  we  eorilially 
luDiriKBd  thia  Utile  book  or  Or.  Smith't—Mid.- 


baudaflaa.ftB.,  and  WFll  and  ably  biatbaaalhiit 
rTornMd  fib  Uh>r>.     Well  adapted  to  give  Ibe 


r^™  bltk>, 
il  •/  Mt4ii1 


lUldBDdDr.BoilU'i 
.  aftci  <nee  us'l'r. 
r»i>  ltl4  ami  Sb^ 


NoyoaDgjra. 


MORNEH  iWILLIAM  E.),   M.D., 
AN  ANATOMICAL  ATLAS,  illuatrative  of  the  Structure  of  the  Humi 

In  iwe  Toiutne,  large  imporisl  octavo,  extra  cloth,  with  aboui  six  hundred  Bad  filly 

figorea.    S3  DO. 

Thue  Sgnrea  are  well  lelxcted,  and  prei 


y  befeimral 


arly  e. 


il  ready  poinlHl  ui 


SARGENT  (F.  W.),  M.  D. 
ON  BANDAGING  AND  OTHER  OPERATIONS  OF  MINOR  SURGKBT. 

Second  eriilion.  enlan^      One  hmidMme  royal  12iiio.  vol.,  of  nearly  400  pegce.  with  I9i  mwd- 


lU  wlib  prmelilioDeri  anil  •tudesM.  f  he  r 
ror  a  new  edition  baa  indiieHJ  iu  aaibor 
■Binerona  important  addilioaa.  A  allgbl  i 
IP  Iheiiie  or  the  pan  baa  enabled  him  lo 


la  Ibal  bia  vol  d  me 
iind,  ia  a  BaleriaJ 


Sargenl'i  Minor  Surgnrf  bna  alwayibeen  popuUr, 

muit  rreaueBtly  reqaialta  petfDnBaucai  of  inrgieal 
art  wblih  suaol  be  enlitely  nnderatoiid  by  iitrnd- 
ing  eJiaioJ  leelaraa.  The  art  of  bandaging,  vbich 
ia  (agalarly  tangbl  la  Europe,  la  vsry  freqaenily 

aad  JBDtor  pracUtlonei,  Iharefore,  may  ofun  reqiiiTe 

and  happily  anppllea.    Il  la  aeally  priated  lud  eupi- 

SKEve  OPBRATIVB  BUROERV.    fn  on> 


irt.— Ctarliilm  A 

A  wntk  thai  hia  1 
o  the  piiiCeaiiina  a 

:ain|Ft(  Ihat  aciei 


10  limg  and  bvorabl  j  taova 


kvarBUjtBii* 
Miaur  SaifHi 


aiger  wDTka  ara  alao  nrw 
g  on  theaa  aamll  pneliol 


ON   DISEASES  OF 


Ddeh  enlaigcd  Londi 
CBla.    «l».  '" 

BIMON'S  GENERAL  PATHOLOGY, 


May,  oa  roadai- 
:alitii>^   Prlnci^M 


A  PRACTICAL  TREATISE  ON  THE  PATHOLOGY  AND  TREATMEa*T 
OF  LEUCOKKHOilA.    Wiih  numerous  illuflralioiui.    In  out  rery  buidiume  oclai-o  v^nne, 

citradolb,  of  atK'UI  250  pagea,     11  50. 


AND   SCIENTIFIC   PUBLICATIONS 


8HARPEY  (WILLIAM),  M.  D.,  JONES  QUAIN,  M.  D.,  AND 

RICHARD  QUAIN,  F.  R.  S.,  fre. 

HUMAN  ANATOMT.     Revised,  with  Notes  and  Additions,  by  Joseph  Letdt, 

M.  D.,  Profeynor  oi  Anatomy  in  the  Univeraity  of  PennMylvnnia.  Complete  in  two  large  octavo 
volumew,  leather,  of  about  thirteen  hundred  pages.  Beautifully  illuatrmted  with  over  live  hundred 
engravings  <mi  wood.    $6  00. 

It  is  inde«d  a  work  ealeolated  to  maks  an  era  in  '  he  will  find  here  a  work  at  once  so  cfimprehentive 
aiiatfMnicMl  study,  by  placing  before  the  student  and  practical  as  to  defend  him  from  exclnsiveness 
every  de^rtment  of  his  science,  with  a  view  tu  on  the  one  hand,  and  pedantry  on  the  other. — 
the  relative  imp4»rtanee  of  each ;  and  so  skilfully  Journal  and  Retrosptet  of  tk*  M*dieal  Seieneu. 
have  the  different  parts  been  interwoven,  that  no  ,  We  have  no  he.itaiion  in  recommend mg  this  trea- 
one  who  makes  this  work  the  basis  «»f  his  studies,  ^^^  „„  anatomy  as  the  moat  complete \S  that  sub- 
will  hereafter  have  any  excuse  for  neprleeting  or  j^i  j„  t^e  Knglish  language:  and  the  only  one, 
■ndervalumg  any  imp..rtanl  particuUrs  connected  p«,haps,  in  any  Unguage,  wAich  brings  the  state 
with  the  structure  of  the  humiin  framej  and  ,;  „f  knowledge  forwSrd  to  the  moat  recent  disco- 
whether  the  bias  of  his  mind  lead  him  in  a  more  yerics.— TA*  Edinburgh  Mtd.  and  Surg.  Jenmal, 
eepeeiul  manner  to  surgery,  physic,  or  physiology,  ' 


TAYLOR  (ALFRED  8.),  M.  O.,  F.  R.  8., 
Lecturer  on  Medical  Jurisprudence  and  Chemistry  in  Guy's  Hospital. 

MEDICAL  JUKISPRUDENCE.     Fourth  Americau  Ejition.     With  Notes  and 

References  to  A  me ri<>an  Decittiontt,  by  Epward  Hajitshornk,  M.  D.   In  one  large  octavo  volume, 
leather,  of  over  neven  hundred  pages.    $3  00. 

Tbit  Mundard  work  ha»  lately  received  a  very  thorough  reviciun  at  the  hands  of  the  author,  who 
hm»  introduced  whatever  was  neceiw«ry  to  render  it  complete  and  »atii(factory  in  carrying  out  the 
objects  in  view.  Tne  editor  has  likewise  u(*ed  every  exertion  to  make  it  equally  thorough  with 
regard  to  all  matter>  relating  to  the  practice  of  this  country.  In  doing  thin,  he  hast  caremily  ex- 
amined all  that  h&»  appeared  on  the  subject  since  the  publication  of  the  last  edition,  and  hai*  incorpo- 
rated all  the  neiv  information  thu^i  presented.  The  work  has  thus  been  considerably  increased  in 
•iae,  notwithtitauding  which,  it  has  been  kept  at  its  fonner  very  moderate  price,  and  in  every  respe<rt 
it  will  he  found  W'>rthy  of  a  continuance  of  the  remarkable  favor  which  haM  carried  it  through  so 
many  editions  on  both  sides  of  the  Atlantic.    A  few  notices  of  the  former  editions  are  appended. 

we  do  not  hesitate  to  affirm  that  after  hnviug  once 
commenced  its  pernsal,  few  could  be  prevailed  upon 
to  desist  before  completing  it.  In  the  last  Ltmdoa 
edition,  all  the  newly  observed  and  accurately  re- 
corded facts  have  been  inserted,  including  much  that 
is  recent  of  ChemiCMl,  Microsropicul,  and  Patholo- 
gical research,  besides  papers  on  numerous  subjects 
never  before  published  .-C4ar<««o«i  MtdiealJoumal 
and  Htvitip. 


We  know  of  no  work  on  Medical  Jurisprudence 
w^hich  contains  in  the  same  space  anything  like  the 
•une  amount  of  valuable  matter. — N.  Y.  J0ummi  of 
M^dieint. 

tio  work  nptm  the  subject  can  be  put  into  the 
hands  of  students  either  of  law  or  medicine  which 
will  engage  thrm  more  closely  or  profitably;  and 
Booc  could  be  odered  to  the  busy  practitioner  of 
aither  calling,  for  the  purpose  of  easual  or  hasty 
reference,  that  would  be  more  likely  to  afford  the  aid 
desired.  We  therefore  recommend  it  as  the  best  and 
safest  manual  for  daily  use. — Anurican  Journal  oj 
Miedieal  Seitnc^s. 

This  work  of  Dr.  Taylor's  is  generally  acknow- 
ledged to  be  one  of  the  shiest  extant  on  the  subject 
of  medical  jurisprudence.  It  is  certainly  noe  of  the 
iDoat  attractive  books  that  we  have  met  with ;  sup- 
plying so  much  both  to  interest  and  instruct,  that 


It  is  not  excess  of  praise  to  say  that  the  volume 
before  us  is  the  very  best  treatise  extant  on  Medical 
Jurisprudence.  In  saying  this,  we  do  not  wish  to 
be  uiidersto(»d  as  detracting  from  the  merits  of  the 
exeellent  works  of  Beck,  Ryan,  Traill,  Guy,  and 
others;  but  in  interest  and  value  we  think  it  mast 
be  conceded  that  Taylor  is  superior  to  anything  that 
has  prisceded  it.^/V.  W.  Mtdieaiamd  Surg.  Journal. 


BT  THX  8AMB  AUTROE. 


ON  POISONS,  IN  RELATION  TO  MEDICAL  JURISPRUDENCE  AND 

MEDICINE.    Edited,  with  Notes  and  Additions,  by  R.  E.  Griffith,  M.  D.    In  one  large  ocUvo 
volume,  leather,  of  688  pages.    S3  00 


TANNER  (T.   H.),    M.  O., 
Physician  to  the  Hospital  for  Woraea,  ice, 

A  MANUAL  OF  CLINICAL  MEDICINE  AND  PHYSICAL  DIAGNOSIS. 

To  which  is  added  The  Code  of  Ethics  ol  the  American  Medical  Association.  Second 
American  Edition.  In  one  neat  volume,  small  12mo.  Price  in  extra  cloth,  87|  cents;  flexible 
style,  lor  the  pocket,  80  cents. 

The  wi>f  k  is  an  honor  tu  lU  writer,  and  mnU  oh-  |  homely  bat  expressive  word,  <*  handy.**  The  style 
tain  a  wiUr  circulation  by  its  intrinsic  merit  alone,  is  admirably  clear,  while  it  is  so  sententious  as  not 
Saited  alike   to  the  wants  of  stuuents  and  praeti-  !  to  burden  the  memory.    The  arrangement  is,  to  oar 


lioners,  it  has  only  to  be  seen,  to  win  for  iiselX  a 

Slace  upon  the   shelves  of  every  medical  library, 
for  will  it  be  "shelved"  long  at  a  time;  if  we  mis- 
take not,  it  will  be  found,  in  the  best  sense  of  the 


mind,  nnexeeptiouable.  The  work,  in  short,  de< 
serves  the  heartiest  commendation.— Soxloa  Mtd. 
a$Ul  Surg.  Journal. 


TUKE  (DANIEL  H.),  M.  D. 
A  NEW  WORK  ON  IN8ANITT. 

A  MANUAL  OF  PSYCHOLOGICAL  MEDICINE;  containing  the  Higtoiy, 

Nosology,  Description,  8iatii*tics,  Uiagnohis,  Pathology,  and  Treatment  of  Insanity.  With  aa 
Appendix  of  Cases.  By  John  CHAkLsa  BucxitiLi.,  M.  D.,  and  Damikl  U.  Tukb,  M.  D.  ihsa 
page  4. 
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Now  Complete  (April,  1857.) 
TODD  (ROBERT  BENTLEY),  M.  D.,  F.  R.  8., 

ProftMor  of  Physiology  in  King's  CoUoge,  London;  and 

WILLIAM  BOWMAN,  F.  R.  8., 

Demonatrotor  of  Anntomy  in  King's  College,  Ltrndon. 

THE  PHYSIOLOGICAL  ANATOMY  AND  PHYSIOLOGY  OF  MAN.    With 

about  three  hundred  large  and  beautiful  illustratioos  on  wood.    Complete  in  ooe  large  ocuto 

volume,  of  950  pages,  leather.    Price  $4  50. 

BT  Gentlemen  who  have  received  portions  of  this  work,  as  published  in  the  "  Mkpical  Nkwi 
AND  Library, "  can  now  complete  their  copie:«,  if  immediate  application  be  made.  It  will  be  fur- 
nished a»  follows,  free  by  mail,  in  paper  covers,  with  cloth  backs. 

Parts  I.,  H.,  IIL  (pp.  25  to  552),  $2  60. 

Part  IV.  (pp.  553  lo  end,  with  Title,  Preface,  Contents,  &c.),  $2  00. 

Or,  Part  IV.,  Section  II.  (pp.  725  to  end,  with  Title,  Preface,  Contents,  &c.),  $1  25. 

A  magnificent  contribntion  to  British  medicine, 
and  the  American  physician  whu  shall  fail  to  peruse 
it,  wiK  have  failed  to  read  one  of  the  most  instruc- 
tive books  of  the  nineteenth  eentury. — N.  O.  Med 
amd  Surg.  Journal ^  Sept.  18S7. 


It  is  more  concise  than  Carpenter *s  Princinles,  and 
more  modem  than  the  accessible  edition  of  MQller's 
Elements;  its  details  are  brief^  but  sufficicLt;  in 
descriptions  vivid ;  its  illustrations  exact  and  copi- 
ous ;  and  its  language  terse  and  perspicuous.  — 
Charleston  Med.  Journal^  Jnly,  1657. 

We  recommend  this  work  not  only,  for  its  many 
origiial  investigations  especially  into  the  minute 
anatomy  and  physiolc^v  of  man,  but  we  admire  the 
constant  association  ot  anatomy  with  physiology. 
The  motive  power  is  studied  in  its  connections  iind 
adaptations  to  the  machine  it  is  destined  to  guide, 
and  the  student  feels  constantlv  impressed  with  the 
necessity  for  an  accurate  knowledge  of  the  structure 
of  the  human  body  before  he  can  make  himself  mas- 
ter of  Its  functions. —  Va.  Med.  Journal^  June,  1857. 

We  know  of  no  work  on  the  subject  of  physiology 
so  well  adapted  to  the  wsnts  of  the  mrdictil  student. 
Its  completion  has  been  thus  lonx  delayed,  that  the 
authors  might  secure  accuracy  by  personal  observa 


One  of  the  very  best  books  ever  issned  from  aay 
medical  press.  We  think  it  indispensable  to  every 
reading  roedica^  man,  and  it  may.  with  ail  propriety, 
and  with  the  utmost  advantage  be  made  a  text-book 
by  any  student  who  would  taoronghly  eomprdiead 
the  groundwork  of  medicinew— iV.  O.  Med.  NemSf 
June,  1857. 

Our  notice,  though  it  conveya  but  a  very  feeble 
and  imperfect  idea  of  the  magnitude  and  importaaee 
of  the  work  now  under  eonsideratian,  already  traa* 
scends  our  limits  ;  and,  with  the  indnlgi  nee  uf  oar 
readers,  and  the  hope  that  they  will  peruse  the  book 
for  themselves,  as  we  feel  we  can  witli  eonfideaee 
recommend  it,  we  leave  It  in  their  hands  for  then 
to  judge  of  Its  merits. — The  NvrtkwtsUrm  Mtd.  mmd 
Surg.  Journal,  Oct.  1857. 

It  has  been  a  far  more  pleasant  task  Co  as  to  point 
out  its  features  of  remarkable  excellence,  and  to 
show  in  how  many  particulars  the  results  which  it 
emb<Niiea  of  skilful  and  zealous  research  do  the 
highest  credit  to  its  able  and  aeeoraplished  authors. 
It  would  be  a  serious  omission  were  we  not  to  take 
s))eciHl  notice  of  the  admirable  and  eopioas  iilostra^ 
tions.  the  execution  of  which  (by  Mr.  Vaacy)  is  in 
the  very  finest  style  of  wood-e^graviag.!— Sr»<.  ami 


tion.— Sr.  Louie  Med.  and  Surg.  Journal^  Sept.  '57.  j  JFor.  MedieO'Chir.  Review,  Jan.  18S8. 

TODD  (R.   B.),  M.  O.,   F.  R.  S.,  &e. 
CLINICAL  LECTURES  ON  CERTAIN   DISEASES  OP  THE  URINARY 

ORGANS  AND  ON  DROPSIES.     In  one  oclavo  volume.    (Now  Ready y  1857.)    $1  50 

The  valuable  practical  nature  of  Dr.  Todd's  writings  have  ditttervedly  rendered  them  favontes 
with  the  pro  e^f  ion,  and  the  pre>eni  volume,  embodying  the  medical  aspt*cts  of  a  cla^«  of  diijeaMS 
not  elsewhere  to  be  found  similarly  treated,  can  hardly  fail  to  supply  a  want  long  felt  by  the  prao> 
titioner 

WATSON   (THOMAS),    M.  D.,    &c. 

LECTURES    ON    THE    PRINCIPLES    AND    PRACTICE   OF   PHYSIC. 

Third  American  edition,  revised,  with  Additions,  by  D.  Franci*  Condie,  M.D.,  author  of  a 
"Treatise  on  the  Di:«eases  of  Children,"  iuc.  In  one  octavo  volume,  of  nearly  eleven  hundred 
large  pages,  strongly  bound  with  raised  bands.    $3  25. 

To  say  that  it  is  the  very  best  work  on  the  sub-  Confessedly  one  of  the  very  beat  works  on  the 
Ject  now  extant,  is  but  to  echo  the  sentiment  of  the    principles  and  practice  of  physie  in  the  Bnglish  or 


medical    press    throughout 
Medical  Journal. 


the   country. — N.   O.  \wiy  other  lunguagti.— Med.  Examiner. 

Asa  text-lxiok  it  has  no  equal ;  as  a  eompendium 
of  pathology  and  practice  no  superior. — /Vns  York 
Annalist. 

We  know  of  no  work  better  calculated  for  beiag 

K laced  IB  the  hands  of  the  student,  and  for  a  text- 
ook;  (m  every  importaat  point  the  author  seems 


Of  the  text-books  recently  republished  Watson  is 
very  justly  the  principal  favorite. — Holmee^s  Rep. 
to  Nat.  Med.  Assoc. 

By  universal  consent  the  work  ranks  among  the  ^ 

very  best  text-b(Miks  in  oar  laaguage— /««aats  and  ■  ^^  TaVrpostiiif  ip*'his   k'nowlcdg7''t^"the'day.- 

Amer.  Med.  Journal. 

One  of  the  most  practically  naefnl  books  that 
ever  was  presented  to  the  student.  —  JV.  Y.  Med. 
Journal, 


Indiana  Med.  Journal. 

Regarded  on  all  hands  as  one  of  the  very  best,  if 
not  tne  very  best,  systematic  treatise  on  practical 
medicine  extant. — St.  Louis  Med.  Journal. 


WHAT   TO  OBSERVE 

AT    THE    BEDSIDE    AND    AFTER  DEATH,   IN    MEDICAL   CASES. 

Published  under  the  authority  of  the  London  Society  for  Medical  Observation.    A  new  American, 

from  the  second  and  revised  Loudon  edition.    In  one  very  handsome  volume,  royal  I2mo.,  extra 

cloth.    $1  00. 

To  the  observer  who  prefers  accuracy  to  blunders  I     One  of  the  finest  aids  to  a  young  practitioner  wt 
and  precision  to  carelessness,  this  little  book  is  in-  i  have  ever  seen. — Feninsular  Journal  e^f  MoMcisst, 
valuable.— iV.  H.  Journal  of  Medieino.  | 

WILDE  (W.   A.), 

Burgeon  to  St.  Mark's  Ophthalmic  and  Aural  Hospital,  Dublin. 

AURAL  SURGERY,  AND  THE  NATURE  AND  TREATMENT  OF  DIS- 
EASES OF  THE  EAR.  lu  one  YiMi^^omft  ocxwq  NoVasn^^  ^xXwl  cloth,  of  476  pages,  wilk 
iJJastrations.    $2  80. 
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WILSON   (ERASMUS),  M.  D.,   F.  R.  S., 

Lecturer  OB  Aoatomy,  LoadoB. 

A  SYSTEM  OF  HUMAN  ANATOMY,  General  and  Special.    Fourth  Amcri- 

can,  from  the  iMt  English  edition.  Edited  by  Pavl  B.  Goddakd,  A.  M.,  M.  D.  With  two  hun- 
dred and  fifty  illu»traiioni*  B«sautitlilly  printed,  in  one  lai^  octavo  volume,  leather,  of  nearly 
i»ix  hundred  irageit.     $3  00. 

It  offers  to  the  ttad eat  ail  the  miittance  that  cfaB  ,  which  will  freatly  facilitate  hif  nmrreM  in  the 
be  expected  frnm  aiich  a  work. — Mtdital  Exmmimr.  :  atody  of  Practical  ABatomy.~iV«ia  rara  J9ur%al  of 

In  many,  if  not  all  the  Colleges  of  the  Union,  it  !  Mtdiein: 
bas  become  a  stHndanl  text-btNtk.     This,  of  itaelf,  I     The  moat  complete  and  convenient  manual  for  the 
la  aufficiently  exprraai  ve  of  its  value.    A  work  very    atodent  we  poaaeai. — Anurican  Journal  of  Mtdical 
deairable  to  the  atudvnt;    one,  the   posaeaaion  o{\  Scitnf. 

BY   THK  BANK  AlTTHOR.      {JtUt  IsSUtd,) 

THE    DISSECTOirS  MANUAL;  or,  Practical  and  Surgical  Anatomy.     Third 

American,  from  the  laM  revised  and  enlarged  Eugli»h  edition.  MoUilied  and  rearranged, by 
William  Hiint,  M.  D.,  iVinontttrator  of  Anatomy  in  the  University  oi  Pennhylvania.  In  one 
large  and  handMHne  royal  12mo.  volume,  leather,  of  582  page»,  with  104  iliuHtratioos.    $2  00. 

The  modification}^  and  aildition»  which  thin  work  han  received  in  pa^i^ing  recently  through  the 
But hor'it  bandit,  i?  snlficientlv  indicated  by  the  fact  that  it  if  enlnr^red  by  more  than  cme  hundred 
pageis  not  withal  and  ing  that  ii  is  printed  m  Mnallertype,  and  with  a  greatly  enlaiiged  pnge. 

BY  THK  8AMI  AlTTHOR.      {Just  I.tSUed.)  • 

ON  DISEASES  OF  THE  SKIN.     Fourth  and  enlarged  American,  from  the  ksi 

and  improved  London  edition.     In  one  large  octavo  volume,  of  650  pagea,  extra  cloth,  S2  75. 

Thia  volume  in  parsing  for  the  fourth  time  through  the  hand«  of  the  author,  baa  received  a  care- 
ful reviKion,  and  bao  l)een  greatly  enlarged  and  improved.  About  one  hundred  and  fifty  pagea  have 
been  added,  including  new  chapters  on  Clatisiification,  on  General  Pathology,  on  General  Tbisra- 
peutie*,  on  FururicMilur  Eniption?*,  and  on  Di9ea!!«<«  of  the  NaiU,  benideK  extennive  additions  through- 
out the  text,  wherever  they  have  seemed  desirable,  either  from  former  omitisionH  or  from  the  pro- 
^re»s  of  >oience  nnd  the  iiicrea'«ed  experience  of  the  author.  Appended  to  (he  volume  will  al^to 
oow  be  fonnd  a  collection  of  Srlected  Fobmui^a,  conftiating  for  the  most  part  of  prescriptions  of 
which  the  author  his  te«ted  the  value. 


aplacein  thia  vnlume.  which,  withont  a  doubt  will, 
for  n  very  long  peri<Hl,  he  aekoowledged  na  the  chief 
staadard  work  on  dermatoI<«y.  The  priDciplea  t^ 
an  enlightened  and  rational  taerapeia  are  intnidueed 
f HI  every  appropriate  oecoainn.  The  general  prac- 
titioner and  aurgeon  who,  peradventure,  may  luive 
for  yeara  regarded  cutan*'Oua  maIndi«*B  ai  acnrcely 
worthy  their  attention,  becanse,  foraootli,  they  are 
not  fatal  in  their  tendency;  or  who,  if  they  have 
attempted  their  cure,  have  followed  the  blind  guid- 
ance of  empiricitm,  will  alnuiataaaurpdly  be  ruuaed 
to  a  new  and  becoming  intercft  in  thia  department 
of  practice,  through  the  iaapiring  ageacy  of  tliia 
book.— ilM.  Jomr.  ifd.  Scitneo,  Oct.  Jti67. 


The  writing*  of  Wilwm,  npondiaeaaeaof  the  akin, 
are  by  fir  the  moic  aclentifie  and  practical  that 
ItHVe  ever  been  pmented  to  the  medical  world  on 
thia  unbject.  The  pi raent  edition  iaa  great  improve- 
meat  on  all  its  predrcraaora.  To  dwell  upon  all  the 
great  merira  and  hi^h  rlHima  of  the  work  before  na. 
y^rinfim^  woalcl  ind  ed  be  an  agreeable  aervice;  it 
W'Milii  be  a  mental  homage  which  we  could  freely 
otTer,  but  we  ahoultl  thna  oecupy  an  undue  amount 
of  apace  in  thit  Jovrn^.  We  will,  howtver.  look 
nt  aome  of  the  more  aalient  pointa  with  which  it 
a^Nniada.  and  wh :ch  make  ii  iueoinparably  anperior  in 
eaeelleace  to  all  otiicr  ireatiaeann  the  aubjeet  of  der- 
matology.   No  mere  apeculativa  views  are  allowed 

ALSO,  ROW  READY, 

A  SERIES  OF  PLATES  ILLUSTRATING  WILSON  ON  DISEASES  OP 

THE  SKIN  ;  consisting  of  nineteen  beautifully  executed  plates,  of  which  twelve  are  exquisitely 
colored,  presenting  the  Normal  Anatomy  and  Pathology  of  the  Skin,  and  containing  accurate  re- 
presentations of  about  one  hundred  varieties  of  diseB^e,  must  of  them  the  sise  of  nature.  Price 
m  cloth  $4  25. 

In  beauty  of  drawing  and  accuracy  and  finish  of  coloring  these  plates  will  be  found  equal  to 
anything  oi  the  kind  as  yet  iki^ued  in  this  country. 

The  plates  by  which  thia  ooitioa  ia  acoompanied  |  tloner  a  very  correct  idea  of  the  diaeaaa  he  ia  stady- 
l^ava  nothing  to  be  desired,  ao  far  as  excelleuce  of    ing.    We  know  of  no  work  ao  well  adapted  to  the 

wants  of  the  general  practitioner  aa  Wilaon'a,  with 
the  accompanying  platea.  —  M*d.  amd  Smrg.  A«. 


delineation  and  perfect  accuracy  of  illuatration  are 
ecmcerned. — Me^icO'Chimrgieal  Rtriew. 

Of  theae  platea  it  ia  impoaaibleto  aiMak  toohighly. 
The  representationa  of  the  varioua  tornia  of  cutane- 
(tna  diaeaae are  aingularly  accurate, and  the  coloring 
exeeeda  almoat  anything  we  have  met  with  in  point 
I  tf  delicacy  and  iaiab.— ^rtctsAaml  Ffotgn  Mtdieal 
Hi 


porUTf  May,  1658. 

We  have  already  expreraed  our  high  appreciatina 
of  Mr.  Wilann'a  ireatiae  on  Diacaaea  of  the  Skin. 
The  platea  are  eompriaed  in  a  aeparata  volume, 
which  we  connael  ah  thoae  who  poaaeaa  the  text  lo 
pnrchaae.  It  ia  a  beautiful  specimen  of  color  print- 
One  of  the  beat  apecimena  of  colored  lithographic    ing,  and  tlie  repieaentatitma  of  the  variona  forma  of 

illuatrationa  that  have  ever  been  nubliahed  m  thia    akia  disease  are  as  faiUiful  as  is  possible  in  pistes 

country.     The  re|»rearntationa  or  diaeaaes  of  the    of  the  biz^^,— Boston  Mtd,  and  Smrg.  J onmmlf  April 

akin,  even  to  the  moat  minute  ahade  of  coloring,  are  j  8,  1858. 

remarkably  accurate,  giving  the  atudent  or  praeti-  I 

BT  TUB  BAM*  AtrTROK. 

ON    CONSTITUTIONAL   AND    HEREDITARY    SYPHILIS,  AND    ON 

SYPHILITIC  ERUPTIONS.  In  one  small  octavo  volume,  extra  cloth,  beautiAilly  printed,  with 
four  exquisite  colored  plates,  presenting  more  than  thirty  varieties  of  syphilitic  eruptiooB.  S2  25. 

BT  TRB  8AMB  AUTHOK. 

HEALTHY  SKIN;  A  Popalar  Treatise  on  the  Skio  and  Hair,  their  Preeerra- 

tioD  and  MBnBgemeiit.  Second  ABBerican,  from  Ihm  fourth  London  aditioa.  One  neat  Tolumcv 
royal  13mo..  extra  elofh,  of  abo«t  300  pagea,  with  nomeraus  illustratioas.  $1  00;  paper  cover^ 
75  ceDt«. 
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WEST  (CHARLES),    M.  D., 

Aeeoacbear  tn  and  Lecturer  on  Midwifery  at  St.  Bartholomew'e  Hoipital,  Physician  to  the  Hoepital  for 

Biek  Children,  *e. 

MCTXJRES  ON  THB   DISEASES   OP  INPANOT  AND  CHILDHOOD. 

Second  American,  from  the  Second  and  Enlarged  London  edition.     In  one  volume,  octavo, 
extra  cloth,  of  nearly  five  hundred  pages.    $2  00. 

ligation  by  thie  able,  thorongh,  and  finished  work 
npon  a  sabject  which  almost  oaily  taxes  to  the  ut- 
most the  skill  of  the  general  practitioner.  He  has 
with  singular  felicitv  threaded  his  way  throagh  all 
the  tortuous  labyrintns  of  the  difficult  subject  he  has 


Wc  take  leave  of  Dr.  West  with  great  respect  for 
his  attainments,  a  due  appreciation  of  his  acute 
powers  of  observation,  and  a  deep  sense  of  obliga- 
tion for  this  valuable  contribution  to  our  profes- 
sional literature.  His  book  is  undoubtedly  in  many 
respects  the  best  we  possess  on  diseases  of  children. 
Dw>lin  Quarurlf  Journal  of  Medical  Seienct. 

Dr.  West  has  placed  the  profession  under  deep  ob- 


undertakcn  to  elucidate,  and  has  in  many  of  the 
darkest  corners  left  a  light,  which  will  never  be 
extinguished. — NashvilU  MedicalJounuU . 


BT  TBI  BAMX  AUTHOR.      {Just  ItSUed.) 

LECTURES  ON  THE  DISEASES  OF  WOMEN.    In  two  parte. 

Part  I.  8vo.  cloth,  of  about  900  pages,  comprising  the  Diseases  of  the  Uterds.    tl  60. 
Fart  II.  {Pr§paring)^  will  contain  Diseases  of  the  Ovaries,  and  of  all  the  paru  connected 
with  tiie  Utsrits  ;  of  the  Bladder,  Vagina,  and  External  Organs. 

The  object  of  the  author  in  this  work  ia  to  present  a  complete  but  succinct  treatise  on  Female 
Diseases,  embodying  the  results  of  his  experience  during  the  last  ten  years  at  St.  Bartholomew's 
and  the  Midwifery  Hospitals,  as  well  a»  in  private  practice.  The  characteristics  which  have  se- 
cured to  his  former  works  so  favorable  a  reception,  cannot  fail  to  render  the  present  volume  a 
standard  authority  on  its  important  subject. 

it  is  the  best  work  on  the  subject  ia  any  language ; 
and  that  it  sumps  Dr.  West  as  ihefaciU  primf*p$ 
of  British  obstetric  naihorM.Sdimburgk  M«dical 


Journal. 


We  gladly  reconmiend  his  Lectures  as  in  the  high- 
est degree  instructive  to  all  who  ara  interested  m 
obstetric  practice.—  London  Lancet. 

We  have  to  say  of  it,  briefly  and  decidedly,  that 

BT  THE  SAME  AtTTHOR. 

AN  ENQUIRY  INTO  THE  PATHOLOGICAL  IMPORTANCE  OF  ULCER- 
ATION OF  THE  OS  riTERl.    In  one  neat  octavo  volume,  extra  cloth.    $1  00. 


WILSON  (MAAAIS)|   M.  D. 

ON  DISEASES  OF  THE  VESICUL^  SEMINALES.    See  "Laxlemand/* 

page  19. 

WILLIAMS  (C.  J.  B.),    M.O.,    F.  R.  S., 
Professor  of  CUnica)  Medicine  in  University  College,  London,  A.e. 

PRINCIPLES  OF  MEDICINE.     An  Elementaiy  View  of  the  Causes,  Nature, 

Treatment,  Diagnosis,  and  ProgfuoHiM  of  Diseas<e;  with  briei  remarko  on  Hygienics,  or  the  pre- 
serration  of  health.  A  new  American,  from  the  third  and  revised  London  edition.  In  one  octavo 
volume,  leather,  of  about  500  pages.     $2  50.     {Just  Issued.) 

The  very  recent  and  thorongh  revision  which  thi»  work  has  enjoyed  at  the  hands  of  the  author 
)ias  brought  it  so  completely  up  to  the  pre>ent  btate  of  the  subject  that  in  reproducing  it  noaddiiiona 
have  been  found  necessary.  The  success  which  the  work  has  heretofore  met  shows  that  its^  im- 
portance has  been  appreciated,  and  in  itti  present  form  it  will  be  Ibund  eminently  worthy  a  continu* 
ance  of  the  tiame  favor,  possessing  a:*  it  does  the  strongest  claims  to  the  attention  of  the  medical 
student  and  practitioner,  from  the  admirable  manner  in  which  the  various  inquiries  in  the  diifcrent 
branches  of  pathology  are  investigated,  combined  and  generalized  by  an  experienced  practical  phy- 
sician, and  directly  applied  to  the  Investigation  and  treatment  of  disease. 

recommend  it  for  a  text-book,  guide,  and  constant 


We  find  that  the  deeply-interesting  matter  and 
style  of  this  book  have  so  far  fascinated  us,  that  we 
have  unconsciously  hung  npon  its  pages,  not  too 
long,  indeed,  for  our  own  profit,  but  lonser  than  re- 
viewers can  be  permitted  to  indulge.  We  leave  the 
further  anal  vsis  to  the  student  and  practitioner.  Our 
judgment  or  the  work  has  already  been  sufficiently 
expressed.  It  is  u  judgment  of  almost  unaualified 
praise.  The  work  is  not  of  a  controversial,  but  of  I  No  work  has  ever  achieved  or  maintained  a  more 
a  didactic  character;  and  as  such  we  hail  it,  and  I  deserved  reputation. — Va.  Med.  and  Surg.  Journal. 


cjmpanion  to  ever^  practitioner  and  every  student 
who  wishes  to  extricate  himself  from  the  well- worn 
ruts  of  empiricism,  and  to  base  his  practice  of  medi- 
cine upon  principles. — London  Lancet. 

A  text-book  to  which  no  other  in  our  language  is 
comparable. — Charleston  Medical  Journal. 


WHITEHEAD  ON  THE  CAUSES  AND  TREAT-  |     Second  American  Edition.    In  one  volume,  ocU- 
MENT  OF    ABORTION    AND  STERILITY.  |     vo,  extra  cloth,  pp.  308.    SI    75. 


YOUATT  (WILLIAM),  V.  8. 
THE    HORSE.     A  new  edition,  with  numerous  illustrations;   together  with  a 

feneral  history  of  the  Horse;  a  Dittsertation  on  the  American  Trotting  Horse;  how  Trained  and 
ockeyed ;  an  Account  of  his  Remarkable  Performances ;  and  an  EsMiy  on  the  Asa  and  the  Mule. 
By  J.  S.  Skinner,  formerly  At^tistant  Postmaster-General,  and  Editor  of  the  Turf  Register. 
One  large  octavo  volume,  extra  cloih.    $1  50. 

BT  THI  SAMS  AVTHOK. 

THE  DOG.    Edited  by  E.  J.  Lewis,  M.  D.    With  numerous  and  beaotiAil 

illustrations     In  one  very  handsome  volume,  crown  8vo.,  crimson  cJoth,  gilt.  $1  35. 
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